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Inhibitors of human Neutrophil Elastase 
and human Cathepsin G 

BACKGROUND OF THE INVENTION 

Field Qt the invention 
5 The present invention relates to novel protease inhibitors 

and, in particular to small engineered proteins that inhibit human 
neutrophil elastase (hNE) and to proteins that inhibit human 
cathepsin 6 (hCG) . 

Description of the BasJwrQund Art 

10 Neutrophil Elastase and Cathepsin G. The active sites of 

serine proteases are highly similar. Trypsin, chymo trypsin, 
neutrophil elastase, cathepsin G and many other proteases share 
strong sequence homology. The so-called catalytic triad comprises 
(in standard chymo trypsinogen numbering) aspartic acid- 102, 

15 histidine-57, and serine- 195. Residues close to the catalytic 
triad determine the substrate specificity of the particular enzyme 
(££j. CRBI84, p366-7) . The structure and function of the digestive 
enzymes trypsin, pancreatic elastase, and chymo trypsin has been 
more throughly studied than have the neutrophil enzymes. X-ray 

20 structures of hNE complexed with a substrate have been solved and 
the similarity of the active site of hNE to that of trypsin is 
very high. The specificity of hNE is higher than trypsin and 
lower than Factor X,. 

Serine proteases are ubiquitous in living organisms and play 

25 vital roles in processes such as: digestion, blood clotting, 
fibrinolysis, immune response, fertilization, and post- transla- 
tional processing of peptide hormones. Although the roles these 
enzymes play is vital, uncontrolled or inappropriate proteolytic 
activity can be very damaging. Several serine proteases are 

30 directly involved in serious disease states. 

Human Neutrophil Elastase (hNE, or HLE; EC 3.4.21.11) is a 29 
Kd serum protease with a wide spectrum of activity against 
extracellular matrix components (CAMP82, CAMPS 8, MCWH89, and 
references therein) . The enzyme is one of the major neutral 
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proteases of the azurophil granules of polymorphonuclear 
leucocytes and is involved in the elimination of pathogens and in 
connective tissue restructuring (TRAV88) . In cases of hereditary 
reduction of the circulating alpha-l-anti-protease inhibitor <a r 
5 pi) , the principal physiological inhibitor of hNE (HEID86) , or the 
inactivation of « r PI by oxidation (-smoker's emphysema-), 
extensive destruction of lung tissue may result from uncontrolled 
elastolytic activity Of hNB (CANT89, BEIT86, H0BB86, H0BB89a,b, 
HDTC87, SOMM90, WEWB87) . Several human respiratory disorders, 
10 including cystic fibrosis and emphysema, are characterized by an 
increased neutrophil burden on the epithelial surface of the lungs 
(SNID91, MCBL91, G0LD86) and hNB release by neutrophils is 
implicated in the progress of these disorders (MCEL91, WEIS89) . 
hNE is implicated as an essential ingredient in the pernicious 

15 cycle of: 

r-> (excess secretion of protease s by neutrophils )-| 

I e ~ ~ 

(inflammation) 

(recruitment of neutrophils) 



25 



30 



35 



observed in cystic fibrosis (CP) (NADE90) . Inappropriate hNB 
activity is very harmful and to stop the progression of emphysema 
or to alleviate the symptoms of CF, an inhibitor of very high 
affinity is needed. The inhibitor must be very specific to hNB 
lest it inhibit other vital serine proteases or esterases. Nadel 
(NADE90) has suggested that onset of excess secretion is initiated 
by 10- w M hNB; thus, the inhibitor must reduce the concentration 
of free hNB to well below this level. Thus, hNB is an enzyme for 
which an excellent inhibitor is needed. 

There are reports that suggest that Proteinase 3 (also known 
as p29 or PR- 3) is as important or even more important than hNB; 
see NILB89, ARNA90, KAOR88, CM4P90, and GUPT90. Cathepsin G is 
another protease produced by neutrophils that may cause disease 
when present in excess; see PERR90, PBTE89, SALV87, and SOMM90. 
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Cathepsin G is less stable than hNB and thus harder to study in 
vitro. Powers and Harper (P0WB86) indicate that cathepsin G is 
involved in inflammation, emphysema, adult respiratory distress 
syndrome, and rheumatoid arthritis. 

Proteinaceous Serine Protease Inhibitors. A large number of 
proteins act as serine protease inhibitors by serving as a highly 
specific, limited proteolysis substrate for their target enzymes. 
In many cases, the reactive site peptide bond ("scissile bond") is 
encompassed in at least one disulfide loop, which insures that 
during conversion of virgin to modified inhibitor the two peptide 
chains cannot dissociate. 

A special nomenclature has evolved for describing the active 
site of the inhibitor. Starting at the residue on the amino side 
of the scissile bond, and moving away from the bond, residues are 
15 named Pi, P2, P3, ej^ (SCHE67) . Residues that follow the 
scissile bond are called PI', P2-, P3-, ££c. it has been found 
that the main chain of protein inhibitors having very different 
overall structure are highly similar in the region between P3 and 
P3- with especially high similarity for P2, P, and Pi- (laskso and 
20 works cited therein) . it is generally accepted that each serine 
protease has sites SI, S2, fifcj^ that receive the side groups of 
residues Pi, P2, ejia, of the substrate or inhibitor and sites Si', 
S2', sLZ*. that receive the side groups of Pi', P2-, sfcc^ of the 
substrate or inhibitor (SCHB67) . it is the interactions between 
25 the S sites and the P side groups that give the protease 
specificity with respect to substrates and the inhibitors 
specificity with respect to proteases. 

The serine protease inhibitors have been grouped into 
families according to both sequence similarity and the topological 
relationship of their active site and disulfide loops. The 
families include the bovine pancreatic trypsin inhibitor (Kunitz) , 
pancreatic secretory trypsin inhibitor (Kazal) , the Bowman-Birk 
inhibitor, and soybean trypsin inhibitor (Kunitz) families. Some 
inhibitors have several reactive sites on a single polypeptide 
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chainfl , and tbese distinct domains may have different sesuences, 

specificities, and even t0 *f 0 ^;. atiC8 o£ these inhibitors 
One of the more unusual characteristics or 
, W n.„ retain some form of inhibitory activity 
is their ^ ility ;^ in pl 8 7 e8idue . It has further been found 
5 after replacement of the PI re8iau ® , ^ 

particularly the » to » suggested that among th. BMI 

specificity of an inhibitor. tMi t0 lnW bit 

0 trypsin. *. ^^J^'^L ar. li*ely « inhibit 

continue, inhibitor. 

aiascase. «—» ^J^., ^uor. of 1«t~. and in the 

" " ~ will «« discuss a number - ""TT^T 1 ^ 
^ anti-cathepsin a inhlbito*- £ £££ -X 

20 rr^TJIy^r.^-^^.in and alpha!- 

treatment with the endogenous ^""^ 1 protecting 
2S S^0^.=n.^..cf^^^^ t ^ Ilsonly 
hamsMr lung from damage by USE. They ..^ted from in 

about 1« aa effective in vivo" one ^^'T.h.rap.utic 
vitro measurement.. Hearth*—, f '^*^^ of to 
.«.«. Apreli^naryetudyof aeroso^^cra^ , 

30 oyetic fibrosis ^^Z,^^^ and in 
effective both in^t^-P^ ^ 

augmentation of host "'^f ^ lts ^tine u=e as 

Howler, there are f ra " lc ^ f °T t h. relatively 

a pulmonary anti-elastolytic agent. These incx 
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large size of the molecule (394 residues, si Kd) , the lack of 
intramolecular stabilizing disulfide bridges, and specific post 
translational modifications of the protein by glycosylate at 
three sites. HBIM91 reports inhibition of pmn leukocyte -mediated 
5 endothelial cell detachment by protease inhibitors. They compared 
secretory leukocyte protease inhibitor (SLPI) , ai-protease 
inhibitor (al-Pi), and a chloromethylketone inhibitor (CMK). 
While SLPI and CMK inhibited the hNE mediated cell detachment, ai- 
Pi did not; the author suggest that, because of its size, al-Pi 
10 can not penetrate to the site at which hNE acts. As the 
inhibitors disclosed in the present invention are smaller than 
SLPI, we expect them to move freely throughout the extracellular 
space. 

Moreover, both cleaved a, -PI and the cr,-Pl/hNE complex 
15 (BAND88a,b) may be neutrophil chemoattractants . This could be a 
serious disadvantage if one wishes to interupt the cycle by which 
excessive numbers of neutrophils migrate to the lung, release hNE, 
the hNB reacts with a,-Pi generating a signal for more neutrophils 
to migrate to the lungs. Hence a small, stable, nontoxic, and 
potent inhibitor of hNB would be of great therapeutic value. 

Human Pancreatic Secretory Trypsin Inhibitor. This is a 
Kazal family inhibitor. The inhibitors of this family are stored 
in zymogen granules and secreted with the zymogens in pancreatic 
juice, in general, the natural Kazal inhibitors are specific for 
25 trypsin. However, there are exceptions, such as certain domains 
of ovomucoids and ovoinhibitors , that inhibit chymotrypsin, 
subtilisin and elastase. 

While the wild type hPSTI is completely inactive toward hNE, 
Collins et al. (C0LL90) report designed variants of human 
30 pancreatic secretory trypsin inhibitor (hPSTI) having high 
affinity for hNE. Three of the reported variants have K, for hNE 
below 10 pM: PSTI-5D36 at 7.3 pM, PSTI-4A40 at 7 pM, and PSTI-4F21 
at 5.2 pM. 

Squash Seed Inhibitor. The squash seed inhibitors are yet 
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and are completely Inactive to«» inhibitor, OBI- 

aynthe.i»d e.v.ral ~^~£»£T M Z?u. Mooter at 

"J' '^.V « Tto c^ . ^ ^-e a. .KB. epeci"^- '« 
bic group.- at PI to conr (e(m „ lall y aromatic) «lde group. 

casein t**;^^, ». ... en* » 

to be strongly preferred. They to ^ m 

His. (Hot. that a» has t .^tuted r..ldu.. 

avails., Th^o^ that a^ ^ ^ 

(VAL, ILE, LOT. AIA, PHE, MET, ana / a ra i at ive to hNE. 

B ^ tl ^^rLX«» Bo^ : pancreatic 

proteinase Inhibitor of t» countering the 

onder th. tradmam. TiasVLOL, it l. ™ ^ it , 

.ffect. of tryp-in «lea.edduring ^^J^. ^ 
M 58 amino acid .eouenc «- ■ » dlf£rlctlon ( hobB77. 

d.t«mined at high re.ol»tlon by I W (BL0D8 4) , 

and by HMR (HOOT) . [>lcl . The 3D 

" llH^y h^logu.. 3. been reported, th. .fences 

lcno»n. At least .uety no" a la 
of 39 homologues ar. giv» in Table 13. and the 
app«ring at each position ^ted 

'-'T^nf^T^ mter- a -Tryp.ln 
3 0 coagulation >KU« ^ MM> 

inhibitor (ALBR83a, ALBM3b. disks . b .ta-Amyloid 

aBBBS 0. c ^.rB^Tlrcularly ,.r-ted 

^ie. simiUr to BPTX «»». Some 
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BPTI have more or fewer residues at either 



proteins hom logous t 
terminus . 

In BPTI, the PI residue is at position 15. Tschesche et al. 
(TSCH87) reported on the binding of several BPTI Pi derivatives to 
various proteases: 



15 



20 



25 



Dissociation constants for BPTI Pi derivatives. Molar. 

Blastase Blastase 
(porcine (human 



Residue Trypsin 
#15 (bovine 



Chymotrypsin 
(bovine 



10 —El panere»«l paaera» H l 
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lysine 6.0-10 -14 
glycine 
alanine + 
valine 
leucine 



9.0-10-* 



Pancrftflfl) leukocyte 



+ 

2.8- 10-* 
5.7«10 4 

1.9- 10-* 
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3.5«10-* (WT) 

7.0- 10-* 
2.5-10* 

1.1- 10-' 0 
2.9'10"* 



Prom the report of Tschesche et al. we infer that molecular 
pairs marked have K,s 3.S-10- M and that molecular pairs 
marked have K,s » 3.5-10' M. It is apparent that wild-type 
BPTI has only modest affinity for hNS, however, mutants of BPTI 
with higher affinity are known, while not shown in the Table, 
BPTI does not significantly bind hCG. However, Brinkmann and 
Tschesche (BRIN90) made a triple mutant of BPTI (viz. K15F, R17P, 
M52B) that has a K, with respect to hCG of 5.0 x io* 7 M. 

Works concerning BPTI and its homologues include: STATS 7 
SCHW87, GOLD83, CHAZ83, CRBI74, CRBI77a, CRBI77b, CRBI80, SIBX87,' 
SINH90, RUBH73, H0BB74, HUBE75, HUBB77KID088, PONT88, KID090 
AUBR87, ADBR90, SCOTS 7b, ADBR88, AUBR89, BBCXSSb, WACH79, WACH80, 
BBCK89a, DUFT85, PIOR88, GIRA89, GOLDS 4, GOLDS S, H0CH84, RIT083, 
NORR89a, NORR89b, OLTB89, SWAI88, and WAGN79. 

Inter-a-trypsin inhibitor (rri) is a large (M, ca 240,000) 
circulating protease inhibitor found in the plasma of many 
mammalian species (for reviews see ODOM90, SALI90, GEBH90, 
GEBH86). its affinity constant for hNB is 60-150 nM; for 
Cathepsin G it is 20-6000 nM. The intact inhibitor is a glyco- 
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„rtv believed to consist of three glycosylated 
protein and " 4 «^ 1 ^^.^ OBg glyC osaminoglycan linKage 
gub units that interact though stro, i *J activity of 

ITI is located °n h -U^ ^ ^ ^ 

5 ^glycosylated * « IS in urlne (UTI) and 

sequence to an acid statue inn« consists of 

,0*1-1 frEBHSS GEBH90) . The mature light chain cons* 
serum (STI) (GEBHoo / v»«m**v, followed 

bv two tandem KuDoms the first of whicn is g y 1 

(ALBRB3a, iuiwoj seouence shown in Fig* 

1 or wwno leukocvte elastase (10" < > K, > 10 ) l 

Sl0ba . ; ,1 CLior protein Into an MB inhibitor 
UHni-fi 0-amyloid precursor Dr °" miBlm at the 

>nn nM whan valine was substituted tor argioi" 

2 0 "-^ ^ ..cond protein bavin, three 

P1 site (residue ,U> • ^ wm . )t : Tbe change, at 

mutation, (vis. PJ.3V(PD. «i*»>r ac tive site 

». and*- ^trscl^r^tir^rtecttoh™. 
of 0,,-PI. This protein is co*pl.t.ly in«t .^^pouting 

25 Th.y state. "Caution should therefor. Jfjf ^ rela „ d 

site-specific Butane.!. -""--"J ""S^ he obtained 

^itors. xn ^ZTT^Z^ ^^^ 
even within the KuDon family, a. our egjerwn 

^Xtase moibicors. The compounds ICI 
30 200 S^ZTZ rXso show strong pr.f.renc. « - 
over^r proteases such a. «*»-^ .^..ae 
analogu« of peptide, in which the amide ***** 
bond ha. been replaced by a CP, group. Bach of these comp 
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hav an isopropyl group (as does valine) at the PI position and a 
prolyl residue at P2. Neither compound has any extension toward 
PI'. Imperial! and Abeles (IMPB86) describe protease inhibitors 
consisting of acetyl peptidyl methyl ketones in which the terminal 
5 methyl group bears zero to three fluorine atoms; there is no Pi 1 
residue in any of their compounds . PEET90 (and works cited 
therein) report synthesis of peptidyl fluoromethyl ketones and 
peptidyl a-keto esters and the inhibitory properties of these 
compounds relative to porcine pancreatic elastase (PPB) , HNE, rat 
10 cathepsin G, and human cathepsin 6; these compounds do not extend 
to PI' . Mehdi fit al*. (MBHD90) report inhibition of HNS and human 
cathepsin G by methyl esters of peptidyl a-keto carboxylic acids; 
none of these compounds contain PI 1 residues. Angelastro fit al. 
(ANGE90) report protease inhibitors having diketo groups; none of 
15 these compounds extend beyond Pi. 

Govhardan and Abeles (GOVH90) describe compounds in which the 
amide -NH- has been replaced by -CF^-CH,- followed by an a -amino - 
linked amino- acid methyl ester, thus providing a Pi 1 residue. 
Imperial! and Abeles (IMPR87) describe inhibitors of 
20 chymotrypsin extending to P3'. Works cited by these authors 
indicate that the inhibitory constant, Kj, can be lowered by 
specifically matching the SI' , S2\ S3', ... binding sites on the 
protease. These authors do not discuss inhibition of HNE. 
Furthermore, their inhibitors are not derived from high affinity 
25 protein protease inhibitors; rather the side groups at Pi 1 , P2\ 
and P3' are determined by trial and error. In addition, between 
PI and Pl' # they insert -CO-CFj-CH,- in place of -CO-NH- so that 
the distal part of the chain is displaced. We prefer to replace - 
CO-NH- with -CO-CFj- or -CO-CFH- so that the remainder of the 
30 residues can take up conformations highly similar to those found 
in BpiNE proteins. 

Another class of protease inhibitors are those in which the 
carbonyl carbon of the scissile peptide is replaced by boron. 
These compounds inhibit serine proteases, but are not very 
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^Cther clas. of ela.t„. liters «« « ^ 
methylene. » described by Robert (OS 4.665.053) . The.. 

^ounL have a chlorine atom adjacenc to a k.to group. The 
s acXe-site serine of the protease act. a. a 
pacing chloride and yielding a covalent 
adduce that i. irr.™r.ibly inactive. M-zhi si 
mThi 367-373 (1988)) describe the x-ray crystal structure of 
» H a peptUl chloromethyl Ketone. Tsuda 

ohloromethyl ketone, end their activity ag y 

including HUB. Genu and Shaw ( ThTHtfKHlH fi«««C )I. «.!-« UW) 

Scribe improved p.pcidyl chloromethyl ketone 

Because the chloromethyl ketones form irreversible adducts, they 
15 areTes. desirable as drugs. Other classes of inhibitor, that 
irreversible cc^lexe, include a, peptide end lactone- * 

aflUS^MiCUlJ-ai (199D and JisdaBi^" ="05-11 (19901). 

(Krant. St .U. ■ 4,657.893, Power. - 

4 845,242. and Kobuko » 4.960287), and peptidyl ^ («• 

20 a^no^ky .Pho^honate diph«yl .«.» (Biacto^ 30=485-93 



25 
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{1991 ^ - t-ri the chloromethyl ketones, 

a ela .s of compound., related to the cftlorc* Y 

that bind reversibly to protea... 1th mm. degree of -J^^r 
comprl.e. peptidyl methyl tat—. Peter, and Pittkau (Bicaed 
JSm. act. 49(4)173-178 (1990) and work, cited therein, report 
tha^ Peptidyl methyl ketone, bind .erin.- and cy.teine.p~tea.es 
Lersibly and that the binding depend, on the «qu»c. of the 
^idyl group. If the p^tidyl methyl ketone, are viewed a. 
£££ analogue, in which the carbonyl group of an amino acid . 

r methyl group. Peter, and Pittkau discus, only 
c^ullat are extended toward the amino terminus. Thus, they 
a „ m1v pi pa eta.., but not PI' i P2', 

^Jcellleo^Urmation on Elastase action. PADR91 
reports that elastin (the definitive substrate of all ""™»»\ 
35 greatly reduc s the efficacy of a variety of reverse and 
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irreversible hNE inhibit ra when compared to the efficacy 
determined with small, soluble artificial substrates. They found 
that both classes of inhibitors have from 20 -fold to more than 
100- fold less efficacy. They suggest that elastin reduces the on 
rate, but say they have no explanation for this phenomenon. One 
possibility is that the synthetic inhibitors (all rather 
hydrophobic) bind to elastin (which is also hydrophobic) . They 
tested one reversible protein inhibitor, mucus protease inhibitor, 
which has K, - 30 nM without elastin or 900 nM with elastin. It 
our inhibitors suffer a 30- fold loss of efficacy, they can still 
reduce free hNE to below 10 40 M. 

No admission is made that any cited reference is prior art or 
pertinent prior art, and the dates given are those appearing on 
the reference and may not be identical to the actual publication 
15 date. All references cited in this specification are hereby 
incorporated by reference. 

SUMMARY OP TBS INVENTION 

The present invention relates to mutants of Kunitz Domain 
20 serine protease inhibitors, such as BPTI and ITI-Dl, with 
substantially enhanced affinity for elastase. These muteins have 
an affinity for elastase estimated to be at least an order of 
magnitude higher than that of the wild- type domain and, in some 
instances, at least three orders of magnitude (1000-fold) higher. 

For some of the proteins, kinetic inhibitory data show that 
the binding affinity is in the range 1.0 x I0" ,a M to 3.0 x 10" U M. 
Other proteins are displayed on fusion phage and the affinity for 
hNB or hCG is estimated by the pH elution profile from immobilized 
active protease (hNB or hCG) . A number of the proteins have been 
produced in useful quantities as secreted proteins in yeast. 

The present invention also relates to linear and cyclic 
oligopeptide analogues of aprotonin and related polypeptides that 
specifically bind human neutrophil elastase and/or cathepsin G. 
It relates in particular to analogues of the novel elastase - 
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binding polypeptide. tBplUe) and cathepsin G-binding polypeptides 

ixie»e a -i rBf thev are smaller 

inhibitors in several respect, /^^.^ Mlg nt. 

"n^ahl^'that substantial* -0— - stance 
L0 between th. alpha carbon, of those two residues. 

SSL" rr= ".a. rlow. PH of buffer. The ordinant. show 
15 ^ cf phage (as fraction of input phage, obtained at given pH. 

^M^eslractionation of the WJfMUT PBPX llb»ry on 

S££± £ abscissa. show » - «*~ ^"""SLlT 

!Lnt of phage (as fraction of input phag.» obtained at given pH. 

20 Ordinants scaled by 10 • , 7 

ZmsU. show, th. elution profU.. for SpiOT clone. 1. 1. and 7^ 
SoHrtfile i. scaied so that the pea. is 1.0 to en*hasi.e the 

^^oTpl profile for th. binding of BPTX-XU m . and 
25 %Zi cathepsin^ ^Z"^^ 
The ordinants show amount of pnage i« *. ^ 
obtained at given pH. Ordinants scaled by 10 . 

.j,. *„- t-ho fractionation of the Miwi 
p<aur e 5 shows pH profile for the fractional 

T^ratTon cathepsin 6 beads. The abscissae shows P H of buffer 
30 TZZTeL amount of phage (as fraction of input phage) 
obtained at given pH. Ordinants scaled by 10 . 
t££fJ- a second fractionation of Mm* library over 

lution profile, on i—Ui-. cathepsin 0 for 
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phage selected for binding to cathepsin G. 
P i qure 6 8hows the form of one group of preferred HNE 
inhibitors, hereinafter Class I inhibitors. Carbons marked 7, 8, 
9, and 10 are chiral centers. 
5 Figure 9 shows the form of a second group of preferred HNE 

inhibitors, hereinafter Class II inhibitors. Carbons marked 7, 8, 
9, and 10 are chiral centers. 

F i gure a P . shows 2-carboxymethyl-6.aminomethyl anthraquinone 
as a linker. other relatively rigid molecules of similar 
10 dimension can be used. 

F i gure , 1 1 shows compounds I through XVIII involved in 
preparing analogues of the VAL-ALA dipeptide having -NH- replaced 
by -CP,-, -CH,-, or -CHF- for Class I and Class II inhibitors. 
Figure 1 2 shows the form of a third group of preferred HNE 
15 inhibitors, hereinafter Class III inhibitors. Carbons marked 8, 
9 and 10 are chiral centers. 

Figure 13 shows compounds XXXI through XXXV that are 
involved in synthesizing the boron- containing dipeptide analogue 
used in Class I and Class II inhibitors. 
Figure 1 4 shows compounds XLI through XLIV that are 
involved in synthesis of a portion of the molecule shown in Figure 
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DETAILED DESCRIPTION OF THE FSSFSKSED EMBODIMENTS 

Smal l Prot, Tib with mab %n±nt^ i n ff tM<t ^ ^m nmlii Tt 

The present invention relates to muteins of BPTI, ITI-Dl and 
other Kunitz domain- type inhibitors which have a high affinity for 
elastase and cathepsin 6. Some of the described inhibitors are 
derived from BPTI and some from ITI-Dl. However, hybrids of the 
identified muteins and other Kunitz domain- type inhibitors could 
be constructed. 

For the purpose of simultaneously assessing the affinity of 
a large number of different BPTI and ITI-Dl muteins, DMA sequences 
encoding the BPTI or ITI-DI was incorporated into the genome of 
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4 *. ' - ma The KuDom is displayed on the surface of 
bacteriophage m3 The , K ^ ^ 

1413 -«JTZ*£L^£ -* were introduced ' 

Alterations in the kuijo«i . particular KuDom was 

sac* pur. population of phage tiHE 
, characterised with regard > » i» o£ ^ 

or MS. 1— » on co.pari.on to th P P ^ 
flaying =th« KuDom* of •*^^T £Br cL targ.t 

=.rr..ponding DK* «*»>>•> _ ^ t(B . vere shown to tmm 

Certain aprotonin-like protease w 
.1 affinity for HNB <-10»/M) . These 58 amino acid 
a high ^^"^ . eally Mlec ted from a library of apro- 

^IZsT^^^^ diversity - P08iti0ns P1 ' 

15 tinin mutants producea tnr a j ^ *a& ILE were 

' " ' ' T ; * Z « ^ «r. allcJd * the synthetic 
selected, ^^^r «r. allow* and both were found 
condition., at Pi ' (Mhile not explored in th. 

V^ZT^ ^ Tl^or. of ..rine protea... have 
20 library, many Kasal ram y ,.iect.d proteins 

glutamic or "^'/^P at P2' ; ixiB, andVM.. which are 
_ wln . 4 .ith«^or^ i= =10e -roups. — *» < M 

library but apparently nm"= affinity for HNB 

25 position »• of all protein. -~"*«« p f ^ a crucial 
„.ve phenylalanine. No on. had £ ^ At P4' » 

po,itio : f - - of th... ~c.pt « 



30 



the highest aff iaity. g8 ^ acid8 . ^ 

As previously noted, BPTI is a pr invention 
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WO 92/15605 



PCT/US92/01501 



15 

Wild- type BPTI is not a good inhibitor of hNB. BPTI with a 
single K15L mutation exhibits a moderate affinity for HNE (1^ - 
2.9 '10* M) (BEOC88b) . However, the amino terminal Kunitz domain 
(BI-8e) of the light chain of bovine inter-a- trypsin inhibitor has 
5 been generated by proteolysis and shown to be a potent inhibitor 
Of HNB (K, - 4.4«10-" M) (ALBR83) . 

It has been proposed that the PI residue is the primary 
determinant of the specificity and potency of BPTI- like molecules 
(SINH91, BECK88b, LASK80 and works cited therein) . Although both 
10 BI-8e and BPTKK15L) feature LBTJ at their respective PI positions, 
there is a 66 fold difference in the affinities of these molecules 
for HNE. We therefore hypothesized that other structural features 
must contribute to the affinity of BPTI-like molecules for HNE. 
A comparison of the structures of BI-8e and BPTKK15L) reveals 
15 the presence of three positively charged residues at positions 39, 
41, and 42 of BPTI which are absent in BI-8e. These hydrophilic 
and highly charged residues of BPTI are displayed on a loop which 
underlies the loop containing the PI residue and is connected to 
it via a disulfide bridge. Residues within the underlying loop 
20 (in particular residue 39) participate in the interaction of BPTI 
with the surface of trypsin (BL0W72) and may contribute 
significantly to the tenacious binding of BPTI to trypsin. These 
hydrophilic residues might, however, hamper the docking of BPTI 
variants with HNE. Supporting this hypothesis, BI-8e displays a 
25 high affinity for HNB and contains no charged residues in residues 

39- 42. Hence, residues 39 through 42 of wild type BPTI were 
replaced with the corresponding residues (MSNG) of the human 
homologue of BI-8e. As we anticipated, a BPTI(K15L) derivative 
containing the MSNG 39-42 substitution exhibited a higher affinity 

30 for HNB than did the single substitution mutant BPTI (K15L) . 
Mutants of BPTI with Met at position 39 are known, but positions 

40- 42 were not mutated simultaneously. 

Tables 207 and 208 present the sequences of additional novel 
BPTI mutants with high affinity for hNE. We believe these mutants 
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higher than that o£ BPTI (CSV. SITU ■ °« CMB 

^cain, beaide. the active aite stations eho«n » the Tabla.. 

BpiC autant. 1. predominant* «. «*h °ne ««W 
S BPTI PI is LYS and in the EpUB varlante PI I. aithar vm. o 
M * BpiC mu«nta. PI' <r«ldu. li> U predominant* »L* 
m tna «. (re ,idue 17) ia PHS, ILB, or LEU. 

10 with one example of GLY ana pz iresi 

15 oairing could be according to flexibility at PI , giycm 

15 ^10-t.a.id.^o^yla^t^aP^tt.a 

i, not accaaaibl. -hen »' f ^» nine - ( P1 
laucine or ieoleucine appear to be tha beat choice. 

^though BPTI haa been uaed in humane with very few ad«™. 

„ a«e«. bavin, -ch h^r ---^ 

^ -j«v of causing an immune response. 

r^rac^e^te changes « - 

KuDom of inter-«-trypsin inhibitor (Example IV) For the purpoB 
of .his application, the numbering* ^^llTZ 
25 for the ITI light chain gene is that of TRAB86 and 

amino acid sequence is the one shown for UTX in Fig. 1 of GEB 
The necessary coding sequence for XXI-BX is the leases between 
_ , Mona 750 ^ 917 in the cDNA sequence presented in TRAB86. 
positions 750 ana si/ acids long# 

The amino acid sequence of human ITI-Di is so 

mMUM . com piete ITI light chain 

30 extending from Lys-22 to Arg-77 of tne con * 

-v,^ D1 alte of iTi-DI is Met-36. Tables 220-221 preset, 
sequence. The ***** due8 ^^d according 

certain ITI mutants; note that the resiaue 8 res idue 
to the homologus Kunitz domain of BPTI, i.e., with the 

nua ,ered 15 . ^^^rT^-^^S^ 

35 truncate the amino-t rminal of ITI-Dl, at least up 
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residue homologous with BPTI. 

The BpiNE7 - Inspired mutation (BPTI is-19 region) of ITI-D1 
significantly enhanced its affinity for hNB. He also discovered 
that mutation of a different part of the molecule (BPTI 1-4 
region) provided a similar increase in affinity. When these two 
mutational patterns were combined, a synergistic increase in 
affinity was observed. Further mutations in nearby amino acids 
(BPTI 26, 31, 34) led to additional improvements in affinity. 

The elastase-binding muteins of ITI-DI envisioned herein 
preferably differ from the wild- type domain at one or more of the 
following positions (numbered per BPTI) : l, 2, 4, 15, is, 18, 19, 
31 and 34. More preferably, they exhibit one or more of the 
following mutations: Lysl -> Arg; Glu2 -> Pro; Ser4 -> Phe*; 
Metis -> Val*, He; Glyie -> Ala; THrlS -> Phe*; SerlS -> Pro,' 
15 Thr26 -> ALa; Glu31 -> Gin; Gln34 -> Val*. Introduction of one or 
more of the starred mutations is especially desirable, and, in one 
preferred embodiment, at least all of the starred mutations are 
present . 

It will be recognized by those of ordinary skill in the art 
that the identified HNB and HOG inhibitors, may be modified in 
such a manner that the change will not greatly diminish the 
affinity, specificity, or stability of the inhibitor. Proposed 
changes can be assessed on several bases. First we ask whether a 
particular amino acid can fit into the KuDom framework at a given 
location; a change that disrupts the framework is very likely to 
impair binding and lower specificity. The likelihood that an 
amino acid can fit into the KuDom framework can be judged in 
several ways: l) does the amino acid appear there in any known 
KuDom? 2) Do structural models of KuDoms indicate compatibility 
between the structure and the proposed substitution? and 3) do 
dynamic computational models suggest that the proposed mutant 
protein will be stable? The sequence variability of naturally- 
occurring KuDoms gives us proof that certain amino acids are 
acceptable at certain locations; lack of examples does not prove 
35 that the amino acid won't fit. 
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I£ . proposed change i- » *» """^Y^!^ 

ue tte n as* what * i. to have on binding to the 

~ et and to other .ubstanc... <*n.raiiy. » 

a «- residue in the interface between »D- and ^target 
Bavins .» „ 0 uallr via binding studies of a phage 

5 will need to be tested. ™*»* r ■ ^ tlM binding 

^ ^ rbinZ S — do incrlTaffinity. Changes 
TZZZZZr- the binding inters usually do not 

— ^-rtr^^rrrr^ 

Cj through C a ; the total n™^* 62 

shows a histogram or now ^ 

wfc „^ ah tiitv -Core" refers to residues from 5 to 55 ™ 
■ILZZT.^ and struck si-ilsritv than do r„iduee 

20 prions a. inglea^o-acidtvp^ • J-^ * 

« cases, these are C £ ^J^'^tits-y * 
Although there are reports that each or caw " . - 

Istituted without complete loss of Btructure oaly J n C 
Ld a are close enough to the binding interface to offer any 
25 ^entirJ ^changes. " ^J^ZTJ^ 

(WMUS7) replaced both C„ and C» «•» ^ u 

threonines. The <V/C, cystine bridge that Markset «• 
the one very close to the scissil. bond in B ™ 
30 both -tant .olecl.. tunctioaed as ^J^T inhibit 
^l^JZZEZJ?^ to a useful 
of a v«iegated population is the best «ay to obtain and 
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mutants that embody alterations at either 14 r 38. Only if the 
CVC disulfide is removed, would the strict conservation of C be 
removed. 

At seven positions (viz. 23, 35, 36, 40, 41, 45, and 47) only 
5 two amino-acid types have been found. At position 23 only Y and 
F are observed; the para position of the phenyl ring is solvent 
accessible and far from the binding site. Changes here are likely 
to exert subtle influences on binding and are not a high priority 
for variegation. Similarly, 35 has only the aromatic residues Y 
10 and W; phenylalanine would probably function well here. At 36 
glycine predominates while serine is also seen. other amino 
acids, especially {N, D, A, R}, should be allowed and would likely 
affect binding properties. Position 40 has only G or A- 
structural models suggest that other amino acids would be 
tolerated, particularly those in the set {S, D, N, B, K, R, l, M, 
Q, and T}. Position 40 is close enough to the binding site that 
alteration here might affect binding. At 41, only N, and K have 
been seen, but any amino acid, other than proline, should be 
allowed. The side group is exposed, so hydrophilic side groups 
are preferred, especially {D, S, T, E, R, Q, and A}. This residue 
is far enough from the binding site that changes here are not 
expected to have big effects on binding. At 45, F is highly 
preferred, but Y is observed once. As one edge of the phenyl ring 
is exposed, substitution of other aromatics (W or H) is likely to 
make molecules of similar structure, though it is difficult to 
predict how the stability will be affected. Aliphatice such as 
leucine or methionine (not having branched C,s) might also work 
here. At 47, only s and T have been seen, but other amino acids, 
especially {N, D, 0, and A}, should give stable proteins. 

At one position (44), only three amino-acid types have been 
observed. Here, asparagine predominates and may form internal 
hydrogen. bonds. Other amino acids should be 'allowed, excepting 
perhaps proline. 

At the remaining 40 positions, four or more amino acids have 
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.een. Position * ^j^" £ " ^ST^ -~ — 

* -it 26, and 34) exhibit 12 type». ,009 
6, 17, Zb# a™ fourteen positions: 1, 2, 8, 9, 

3^0 acid) has been obeyed at ^ # , , ^ * 

5 11. 13, 19, 25. 32, 34 39 49 thafe _ proli ne should be 

BPTI (CRBI84, Table «-3 f p. 222) 1 ^ ^ ^ ^ ^ 26 , 

allowed at positions 1, 2, 3 , , . . ^ ^ 5fJ> 

32, 35. 36, 40, 42, 43, 48 49, 50, . ^ ^ 

X0 BPTI *,* angles 6 rearranges locally in these cases, 

conclude that the main chain rearrang ine8 , we ju dge 

ttot the KuDom structure will 8ubBtit utions : A) are 

Table 65. The class substantially the same 

X5 ^ ltt-T to give a stable - «- Pa-tal 

sequence, B) are likely to giye ^ structure, 
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be PR-3 inhibitors as well. In particular, the inhibitors having 
valine at PI are likely to inhibit PR3 . PR3 has an extra methyl 
in this region so the inhibitors having one fewer methyls are more 
likely to bind tightly. 
5 BPTI is quite small; if this should cause a pharmacological 

problem, such as excessively quick elimination from the 
circulation, two or more BPTI-derived domains may be joined by a 
linker. This linker is preferably a sequence of one or more amino 
acids. A preferred linker is one found between repeated domains 

10 of a human protein, especially the linkers found in human BPTI 
homologues, one of which has two domains (BALDS 5, ALBR83b) and 
another of which three (WUNT88) . Peptide linkers have the 
advantage that the entire protein may then be expressed by 
recombinant DNA techniques. It is also possible to use a 

15 nonpeptidyl linker, such as one of those commonly used to form 
immunogenic conjugates. For example, a BPTl-like KuDom to 
polyethyleneglycol, so called PBGylation (DAVT79) . 

Another possible pharmacological problem is immunigenicity. 
BPTI has been used in humans with very few adverse effects. 

20 Siekmann et al. (SIBX89) have studied Immunological 
characteristics of BPTI and some homologues. Furthermore, one can 
reduce the probability of immune response by starting with a human 
protein. Thus, by changing nonessential residues, one may change 
the protein to more closely resemble a human protein. Other 
25 modifications, such as PBGylation, have also been shown to reduce 
immune responce (DAVI79) . 

Derivatized Peptides Which Bind Blast s or Cath^i* a 

The present invention also relates to certain derivatized 
peptides which bind elastase or cathepsin G. The description 

30 which follows relates particularly to derivatization of EpiNE-type 
hNB inhibitors, but is applicable, mutatis mitandta, to Epic- type 
cathepsin G inhibitors and ITIDl-type hNE inhibitors as well. One 
embodiment consists of Class I inhibitors (shown in Figure 8), 
each of which comprise 1) a first segment of peptide residues, 2) 

35 an amino-acid analogue that binds to the SI pocket of HNE but that 
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„ not be hydroxy*. M » —* f 

^r... Th.se Cl„. I inhibitor, hav, th. structure depxcted in 

Pl9U ™ 'first and ..cond peptid. .egment. and th. .id. group of 
tt . pTLL-acid analogu. are picked to fo.t.r high affinity f= 
S and to incr«.. .peeif ioity relative to other proteases^ Th. 

„ ,*«► links the first and .econd peptide segments i. plowed. 
Ho p^Tclaavage. *> to allow rev«.lbl. binding to th. 
«ti«Tit. of and 3. to *iaic the .-p. and charge 

«. xL fourth seg-ent i. de.ig~d .o that £ £ 

ta nd to — - th. c-c-ati^^ ^th^a.... 
consideration* for segments 1-3 are tne sane 

"^'inhibitor, of Cla.. a. as Rioted in Figure . have at 
. a «latlvely rigid bifunotional linker such a. a tricyclic 
lit" " n7 ^.ti having dia^trically opposed functionaUtle. 
^ fallow, Un*ag. to the a*ino group attach* .to* and 
another that allo» linkage to the carbonyl carbon ^abeled £ 
^ j.carbMcymethyl-S-aminomethyl anthraquinon. (figure 10) . The 

rrr». ... - * — «- — — - ° et 

"n^e^t^ the invention con.i.ts of Class 1X1 
inhibitor, ahown in Hgure 12 having p^tid« « peptide ogues 
corresponding to residues PI' . K ■ , 13 • . and (optionally) M (and 
£T *ToroLi= acid group or a boronic acid ester is positioned 
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so that it can fit into the "active site" of the enzyme. 

Methods of synthesizing these compounds are known to those 
skilled in the art. 

EpiNEl , 3 and 7 have molecular weights of about -6 kd. It it 
5 is possible to provide compounds much smaller than EpiNEl, 3, or 
7 that have high affinity for HNE. Although the P5-P4. . .P4« -P5' 
strand of the EpiNE proteins are not the only determinants of 
specificity, this strand, or a subsequence thereof, is likely to 
bind very tightly to HNE. A derivative in which the scissile 
10 peptide is modified so that it can not be hydrolyzed is likely to 
be a highly effective HNE inhibitor. 

Many of the analogues of the present invention may be defined 
by the following formula: 

Pn-PrP^-Pa'-Pj'-Pc 

15 

wherein P N is 

T-Pj-P^Pj-p,-, 
T-P 4 -P,-P*. 

20 T-Pj^ or 

T-; 

and wherein P c is 
-P 4 '-P,'-T, 
25 -P«'-T, or 

-T; 

and where P s , p 4 , p„ and P,, and P,' , p,«, p 4 », and P s \ are amino 
acids, including but not necessarily limited to naturally 
30 occurring amino acids, which can serve the same function as the 
corresponding active site amino acids of the EpiNE polypeptides, 
and T is a termination functional group compatible with peptide 
synthesis and not adverse to elastase inhibitory activity of the 
peptide (the two Ts may be the same or different and may join to 
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form a cyclic structure) ; 

— where either (1. P, 1> a "*idu. - » — 

^n 3 the 3 enerai formula ^ 

1 „U' of a dipjtide, in either ca.. the P, 

tte sal function a. the corr»pondin S alno acid. o£ the BpiHB 

" ^o^r^ve described a nu^er of U**. thathav. 
^ions ^« similar to peptic but which can not * 
hy drolysed. Mo.t have provided only th. reaidu.. PS-P^Pl nd 
■Llfled PI .o that it bind, the protease, rerversibly or 

* ^evtreibiy. Their approach i. fl— 1» — - 

First they have not recognlMd th. .ignifi«nc. of the t, P, 
rlTidue. Second, they have not pr...rved th. di»nsion. of the 

• Cl "^^rx inhibitor., which are ^ POP^ 
20 analog^ of th. SpU* polypoid*. «.f««d choice, for R, 
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Rl : H-, acetyl-, or a hydrophobic moiety, such as 
1 i,,I,cystinyl-, L-valyl-, L-»ethionyl-, — 

that Rl is the side group of what in aprotonin is the P2 
residue, and that the inhibitor optionally may i-lude 
the P3, P3-P4, or P3-P5 residues of aprotonin and its 
analogues, including the BpiNB polypeptides. 
« . or 2-4 carbon atoms, i.e., ethyl, n-propyl, 

' is^ropyl, n-butyl, isobutyl or tert-butyl. 2-propyl so 
ttZ * resembles the C. of L-Valine) , and 2-butyl (so 
that C, resembles the C. of L-Isoleucine) are especially 

X : Tnonh^able linfcer which does not interfere with 
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elaetase- inhibitory activity. This linker preferably has 
a length similar to that of a peptide (-CO-NH-) group, if 
this linker is characterized as -X^X,.-, then -X N - may be 
-CO-, -SO- or -B(0R,)-, and -Xc- may be a thioether (-S-) 
or a methylene which is unsubstituted (-CH,-), or which 
is mono- (e.g., -CHF) or di- (e.g., -CP,-) substituted. 
The substituents may be methyl, ethyl, n-propyl, 
isopropyl, chlorine or fluorine, though it is preferable 
that no more than one substituent be halogen. Suitable 
linkers include -CO-CH,-, -CO-CP,-, -CO-CHP-, -CO-CO-, - 
B(0H)-CH,-, -B(OR 7 ) -CH,-, -SO-CH,-, and -CO-S-. 

The distance between the C- alpha carbons connected by a 
typical -CO-NH- peptidyl linkage is about 3.8 angstroms. 
The preferred nonpeptidyl, nonhydrolyzable linkages of 
the present invention do not increase the alpha- to- alpha 
distance to more than about 4.5 angstroms. 

However, a longer linker, such as -CO-CPH-CH,- or -CO-CF,- 
CH,-, may be used. With these linkers, the alpha-to- 
alpha distance is increased to about 5-6 angstroms. 

It is desirable, but not required, that the main atoms of 
the linker and the connected Calpha carbons lie 
substantially in the same plane, as is true for the 
normal peptide linkage. 

Ri : -H, or an aliphatic group containing l-io carbons and 0-3 
N, 0, S, CI or F atoms, such as a small alkyl or alkoxy 
group. The functionalities -H, -CH,, -CH,-C00H, and -CH,- 
CH,-C0OH, so that C, resembles the Calpha of Glycine, L- 
Alanine, L-Aspartic Acid, or L-Glutamic Acid, respective- 
ly, are especially preferred. Other possibilities 
include ethyl, isopropyl, n-propyl, hydroxymethyl (i.e., 
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forming serine), or hydroxyethyl (i. .. forming 
homos erine) . 

. . an unbranched aliphatic group o£ 4-7 carbons, or an 
' arvlalfcyl group, wherein the alkyl moiety i. 1-3 carbons 
T^Ul l«y U monocyclic or bicycllc and may 
contain heteroatoms V.O.U and may contain halogen 
ST-Wlt-tl— . The functionalities -CH,- Pl »nyl 
and -CH.-CE.-S-CH,. .o that C resembles the Calpha of L- 
B»nylalanine or L-Methionine. respective, are 
,„ especially preferred. 

„ , an arylalKyl group, a. discussed under R4 above^ >*- 
preferably, an arylmethyl group, especially the -CB, 

. ^-uere'^^o acid »sidu., such 

„ M! r.'er^. rof^. or lysine, or a short ^ peptide 
" amino acid may be any amino acid found in the* 

position of a BPTI (.units, family inhibitor, including 
L *W inhibitors. ^ short PW tide is preferably 
a» dipeptide sequence V-V <* «"* - """""l . 
20 R7 , a small alkyl group (1-4 carbon *—> ■ m ° h " -<*» 
CHi-CH., or -CHtCHsJa. 
« R it 1. preferable to have an unblocked amino group to 
, futility The amino acid is preferably hydrophobic 

I ii~lll«. there is a half-cystin. at this 
J5 poT^on, and the divide (-S-S-, bond U ^ophob^ 
i7 the 2-oropyl group is especially p«ib** 

^ferably.L.a»e..inL.IlSfoundinn,tur.. 

pire Jr ' . . „ «4 mirra i have the same chirality as 

in 4->, a< - fh« carbon marked C7 in Figure 1 nave w** 
30 ^.^ounds saving unspecified chirality at C, and £ « 

L usable." It is preferred tfcat tbe chirality at C, an* C^tbe 

same as L amino acids. *, could also be -CH„ -CP,, or 
same as u a*"* .CHjOH may also be 

At R 3 , -CH, is preferred; -H, -CH,-COOH, or ^» 
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used. 

R4 - -CHj-phenyl is especially preferred, R« - -CH,-CH,-S-CH, is 
also preferred. 

R, - -CH,- phenyl is especially preferred. Other neutral aryl 
5 groups can be attached to the -CH,- group, such as mono- and 
dimethylphenyls, naphthyl (a or 8), hydroxyphenyl m , or p.), 
and methoxyphenyl (a, m> or pj . 

R« is picked for specificity and solubility; -OH, -NH„ L- 
serine, L-proline, and L-lysine are preferred. 
10 Synthesis of perfluoro compounds is often easier than is 

synthesis of compounds having some hydrogens and some fluorines 
Thus X - [-CO-CP,-] , R, ■ -p or -CP,, and replacing H, with F leads 
to a preferred compound. 

Figure 9 shows Class II inhibitors, which are cyclic peptide 
analogues of the EpiNE compounds. Preferred choices for M , x, R„ 
R4, and R, are the same as for the Class I inhibitors (There is no 
R6) . R| forms a bridge between the amide of the PI residue and the 
carbonyl of the P,' residue. It is a relatively rigid group having 
functional groups that allow the carbonyl carbon labeled C„ to 
link to one end of R, while a second functional group of R, can be 
linked to the amino group N,. Functional groups which contain one 
or more rings help to impart the desired rigidity. 

R, should also have the desired span, so that R, will hold C,, 
C„ C,, and C, 0 in the appropriate conformation, in BPTI, C.-15 and 
C-18 are separated by 10 A. Therefore, R, should likewise provide 
a spacing of about 10 A. 

For example, in 2,6-dimethylanthracene, the methyl carbons are 
separated by about 9 A. Because dimethylanthracene is shorter 
than the desired separation between C.-15 and C-18, we attach a 
carboxylic acid to one methyl group and an amino group to the 
other, thereby extending the linker by about 2 A. 

Insertion or deletion of methylene, amino and/or carboxylic 
acid groups may be desirable in order to optimize the spacing 
provided by a particular linker. 
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»thra=eue ie highly hydrophobic. Thu.. *ore ~ 

--r^r^ro-r^rrr^rr.! 

; advantageous to improve solubility and r _. NHj+) to the 

mnre easily ionized groups (S^U -SO, or ui» ««s 
one or more easily imx a so iubilizing groups such 

aromatic nucleus may be usefu 1 . N - tral hne with high 

as -CH,0H may also be useful. ^ ^ groups as 

affinity have net positive charge, favoring 

j solubilizing groups. delude- tetracycline 

Other frameworks that may be appropriate include ""^r 

, o ,„ A~r* natives) f Thn Ph»«ni'*nTTT iff * 1 Baw18 qt 
(particularly 2,10 J^?^^^ Rail, *ies, ^ 

g^M***^^* ^ ^0-08-04029,-8 (hereinafter 
Taylor, Permagon Press, 1990, iww ^.j, ^arprotiline 

5 COOD-8), P.1H7), ^^^^ € ^ )§ n ^L^ 

r^;%^:'i C r y ^ ^ on 

(p.473, GOOD-8) . m eaca ' designing a linker, groups 

Pro-Pro-Pro-. inhibitors. These 

Figure 12 shows the form of Class in 

„ e*«pt that a boronlc 11*. * 

-acti*. .if 0£ HHB. The boron atom « t 
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abs rpti n, ingestion, inhalation, or injection, and, if by 
injection, intravenously, intramuscularly, subcutaneous ly, etc. 
The drug may be formulated into any suitable dosage form, such as 
a tablet, capsule, ointment, syrup, elixir, inhalant, or 
5 controlled release implant. For dosage forms, see the current 
edition of Remington's Pharmaceutical aetrnnn^ The proper dosage 
may be determined by beginning with a very low dose, and 
increasing the dosage until the desired inhibitory effect is 
observed, or by any other means known in the pharmaceutical 
10 effect. The inhibitor may be administered to mammalian subjects 
suffering from excessive neutrophil elastase activity, especially 
human subjects. 

Peptide and protein inhibitors according to the present 
invention may be prepared by any art -recognized technique, 
15 including expression of a corresponding gene or a gene encoding a 
cleavable fusion protein) in a host cell (see Sambrook, et al.), 
semisynthesis based on a related protein (see work of Tschesche) , 
or direct organic synthesis." Peptide linkages may be generated 
using Pmoc, tBoc, or other peptide synthetic chemistry; see solid 

20 PHASE PEPTIDE SYNTHBflTfl t a P».r^^r.^ fl rrrnnnh (E. Atherton and R. 
C. Sheppard, IRL Press at Oxford University* Oxford, England, 
1989, ISBN 0-19-963067-4), THE PBACTTCW 0P peptide flvimn;^^ (M . 
Bodanszky and A. Bodanszky, Springer-Verlag, New York, 1984, ISBN 
0-387-13471-9) , or PRINCIPLES 07 PBPTTDB avwrmMTfl (M . Bodanszky, 

25 Springer- Verlag, New York, 1984) . 

These small proteins and derivatized peptides which bind 
elastase or cathepsin G, regardless of their inhibitory activity, 
may be useful in purifying the enzymes. However, the preferred 
compounds are those which are also useful as inhibitors of human 

30 neutrophil elastase or cathepsin G, in vitro and in vivo . 

Reference Example 

Affinity MAa Wff mf»nr,fl 

The affinity of a protein for another molecule can be measured 
35 in many ways. Scatchard (Ann NY Acad Scl (1949) 51:660-669) 
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0,1 -fll^o ch^ogenic or moronic .ubstrate., ten. - 
availability of chromogeni inhibitor. 
10 microgram, to milligram, of * o£ a prot .in for a 

* tbir, method - - ^ layei "on a —*« 

second materia^ L U» ha~^ , ^ ^ 

package. »»=h " »J " serial-. This method is 

adhere to the immobilized MdC aa-. can be amplified. 

„ highly sensitive becauee the genetic *££"<^ J£ ^ t 
This approach is not antlrely**- ' ^^.^^ 

Bacteriophages^ -"^^ conjugated to bacteriophage to 
methods of using haptens chemi » affinity for the 

20 " ";:rrrt« - ^n-! approach, in that the 
taptaus. ^ ^™*^ call ^ the phage. Furthermore, 

^r.e^.titatlve value, for the binding 

zzz«~- a ph .t. ^--jcr is: 
25 prfiit: srs/r^u- — ^ 

BPTI,^, - Phage ^th.«P^g.-.l«^ ed co 

The profile. ^*^J^ ~JT^ i-**"-* 
" ^r-taXXp. 0 . of profile. -I— - identify 

superior inhibitor.. thermodynamic, of binding 

M ce«i et al. (ASCB90) studied the £ouad ^ 

0£ bfti to human and bovine clotting factor V They 
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K A dropped more than 30- fold as the pH was lowered from 9 to S 
That K A changes with P H is likely to be general to the binding of 

h S ^ Pr °r a8e8 t0 <aad ° ther iahib ^ors, because of the 

histidine found in the active site. The P H at which these changes 
5 occur is characteristic for the particular protease and inhibitor 

^ 86en ^ protonatin * the active-site histidine when an 
inhibitor is bound involves burying a charge, usually 
energetically unfavorable. The reciprocal effect is that an 
inhibitor that binds very tightly effectively lowers the p*. of the 
10 imidazole for protonation. 

Throughout the present specification, shaken incubations used 
Labguake shakers. 

Preparation of TmmoM lizari u„ maT1 ff pi ^ rn?hM K lF , nrnnr 

» r, ^ ° f ReaCti - Gel 6 x <=* activated agarose (Pierce 
15 Chemical Co.) in acetone (200 M l packed beads) was introduced into 
an empty Select-D spin column (5 Prime- 3 Prime) . The acetone was 
drained out and the beads were washed twice rapidly with 1.0 ml of 

\ lTi™ tei ^ 1,0 ^ °* iCe C ° ld 100 m PH 8.5, 

20 hL, rc^a^ hUndr6d ^ ° f 2 *° ^ hUman ^rophil elastase 
20 hNE, (CalBiochem, San Diego, CA, in borate buffer were added to 
the beads. The column was sealed and mixed end over end on a 
Labquake Shaker at 4 o C for 36 hours. The hNE solution was drained 
off and the beads were washed with ice cold 2.0 M Tris, pH 8.0 
over a 2 hour period at 4- C to block remaining reactive groups. 

Jll ^ ° f bSadS iD « ^- ed ' To this L 

added an equal volume of sterile 100% glycerol and the beads were 

111 ? m "* ^ " • 20 ° C * ^ t0 U86 ' «» >-* were 
washed 3 times with TBS/BSA and a 50% slurry in TBS/BSA was 
prepared. 

2XAMPLK I 

CHAHACTKRIZATIOT *»> «*CKOKATION 07 GLOBALLY PTO POPULATIONS 
OP PEAQB, BACH DISPLAYIHO A 8JSOLB CHIMERIC APROTOT1N 
HOMOLOGUE/K13 GENE III PSOTEIHt 
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♦.„« that chimeric phage proteins 
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paying a ^ ^ which the protein is e!uted 

5 £J*saa*L-^^ emulations were carried out at 

^T^ Xl'o^-e — • - -.are - 

10 B-YTBln HMfla B-tl-m di.pl.y phage bind immobilised 

„. demon.tr.ted that am II * o£ poag. to 

active tryp.in. «~^ B ^-t »=ov.ry of tnfectiou. 
^iUred a«i-P»»^ J, .^ clon pro£ U. facilitate. 

15 evaluation of particulat e pro t«in. 

^ ten. of A lerting . ^ gene into «. 

P ^ Hal. derived^ ^ «. derived fro. m by 
interg^ic region. J ^ .pecif lying the .ignU 

in.erting into gen. =. mture B „ eeln . Dm eneodine 

am. Pnage H* i» ^ved f r« £3 _by i» ^ ^ m 

tie intergenic region- phag. B^ ^ ^ 

w verting bp* «• ^ Bro -nl MA di.pi.y « 

HI encoding regions .^BPTI s ^ Jive 

25 fused to the amino tetminue or tn. 

copies per virion. u ^ /ml) m either 50 

Pi£ty „i of « .L/BS,, buffer or 50 

Xtti.. PH 7.5. 150 £^ 0 °£' Mai mg/ml BSA (CBS/BS*, 
at .odium citrate, pH 6.5. « i^nobiliKd trypein 

30 buffer «re added to 10 ,1 of. 25% a ^ ^ 

( ,ierc. Chemical Co.. KocXfo* > » * ° ^ ^ t0 10 a! 
M . control. 50 ,1 MK phage CM 10 ^ or 

o£ . ,5% .lurry of ^^o Tm ill » ^ * 
CBS/BSA buffer. The infectivity or 
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lower than that f MK phage; thus the conditions chosen above 
ensure that an approximately equivalent number of phage particles 
are added to the trypsin beads. After 3 hours of mixing on a 
Labguake shaker (Labindustries Inc., Berkeley, CA) 0.5 ml of 
5 either TBS/BSA or CBS/BSA was added where appropriate to the 
samples. Beads were washed for 5 min and recovered by 
centrifugation for 30 sec. The supernatant was removed and 0.5 ml 
of TBS/0.1% Tween-20 was added. The beads were mixed for 5 
minutes on the shaker and recovered by centrifugation. The 

10 supernatant was removed and the beads were washed an additional 
five times with TBS/0.1% Tween-20 as described above. Finally, 
the beads were resuspended in 0.5 ml of elution buffer (0.1 M HC1 
containing 1,0 mg/ml BSA adjusted to pH 2.2 with glycine), mixed 
for 5 minutes and recovered by centrifugation. The supernatant 

15 fraction was removed and neutralized by the addition of 130 pi of 
1 M Tris, pH 8.0. Aliquots of the neutralized eluate were diluted 
in LB broth and titered for plaque- forming units. 

Table 201 illustrates that a significant percentage of the 
input BPTI-III MK phage bound to immobilized trypsin and was 

20 recovered by washing with elution buffer. The amount of fusion 
phage which bound to the beads was greater in TBS buffer (pH 7.5) 
than in CBS buffer (pH 6.5). This is consistent with the 
observation that the affinity of BPTI for trypsin is greater at pH 
7.5 than at pH 6.5 (VINC72, VINC74) . A much lower percentage of 

25 the MK control phage (no displayed BPTI) bound to immobilized 
trypsin and this binding was independent of pH. At pH 6.5, 1675 
times more of the BPTI-III MK phage than of the MK phage bound to 
trypsin beads while at pH 7.5, a 2103-fold difference was ob- 
served. Hence fusion phage displaying BPTI adhere to active 

30 trypsin beads and can be recovered as infectious phage. 
Generation of Pi Mutanta of BPTT 

To demonstrate the specificity of interaction of BPTI-III 
fusion phage with immobilized serine proteases, single amino acid 
substitutions were introduced at the Pi position (residue 15 of 
35 BPTI) of the BPTI-III fusion protein. The K15L alteration is 
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Mind b.=.u« wmaW i. a — ^ood inhibitor of ^ 
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neutrophil elaaean (HUB) (K* 2.9 10 w , blnd „ 

inhibitor of twin. Fusion phage displaying B ^ (K ™ 
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, fu.ion phage display the oppo.it. ^^'^^ndtng 
.. to HUE) These observations illustrate tne du» a 
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proteases • 
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anticipated that fusion phage displaying these variants might 
dissociate from HNB beads at a pH above 2.2. Furthermore fusion 
phage might dissociate from HNE beads at a specific pH 
characteristic of the particular BPTI variant displayed. Low pH 
5 buffers providing stringent wash conditions might be required to 
dissociate fusion phage displaying a BPTI variant with a high 
affinity for HNE whereas neutral pH conditions might be sufficient 
to dislodge a fusion phage displaying a BPTI variant with a weak 
affinity for HNE. 

10 Thirty (il of BPTI (K15L) - III MA phage {1.7-10 10 pfu/ml in 

TBS/BSA) were added to 5 ol of a 50% slurry of HNE beads also in 
TBS/BSA. Similarly, 30 /il of BPTI- III MA phage (8.6-10 10 pfu/ml in 
TBS/BSA) were added to 5 pi of HNB beads. Thus, an approximately 
equivalent number of phage particles were added to the beads. 
15 Samples were incubated for 3 hours with shaking. The beads were 
washed with 0.5 ml of TBS/BSA for 5 min with shaking, recovered by 
centrifugation, and the supernatant removed. The beads were 
washed with 0.5 ml of TBS/0.1% Tween-20 for 5 minutes and 
recovered by centrifugation. Pour additional washes with TBS/0. 1% 
20 Tween-20 were performed. The beads were washed with 0.5 ml of 100 
mM sodium citrate, pH 7.0 containing 1.0 mg/ml BSA. The beads 
were recovered by centrifugation and the supernatant was removed. 
The HNE beads were washed sequentially with a series of 100 mM 
sodium citrate, 1.0 mg/ml BSA buffers of pH 6.0, 5.0, 4.0 and 3.0 
25 and finally with the 2.2 elution buffer. The pH washes were 
neutralized by the addition of l M Tris, pH 8.0, diluted in LB 
broth and titered for plaque- forming units. 

Table 203 illustrates that a low percentage of the input BPTI- 
III MK fusion phage adhered to the HNB beads and was recovered in 
30 the pH 7.0 and 6.0 washes predominantly. A significantly higher 
percentage of the BPTI (K15L) -III MA phage bound to the HNB beads 
and was recovered predominantly in the pH 5.0 and 4.0 washes. 
Hence lower pH conditions (i.e. more stringent) are required to 
dissociate BPTI (K15L) -III MA than BPTI-MK phage from immobilized 
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_ mM . ... . npTTfKisL) is over 1000 times greater than 
fusion phag. di.pl.ying a BPTI variant with a higher affinity 
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variant with a known affinity for free HNE. 

Affinity Of BPTI (K1SV.R17H -III MA Phage for T rmnnhillged m 

Forty nl of BPTI (K15,R17L) -III MA phage (9.8«10 w pfu/ml) in 
TBS/BSA were added to 10 fil of a 50% slurry of immobilized HNE 
also in TBS/BSA. Similarly, 40 jtl of BPTI (K15L,MGNG) - III MA phage 
(5.13 '10* pfu/ml) in TBS/BSA were added to immobilized HNE. The 
samples were shaken for 1.5 hours. Beads were washed once for 5 
min with 0.5 ml of TBS/BSA and then 5 times with 0.5 ml of 
TBS/1.0% Tween-20. The beads were then washed sequentially with 
a series of 50 mM sodium citrate buffers containing 150 mM NaCl, 
1.0 mg/ml BSA of pH 7.0, 6.0, 5.0, 4.5, 4.0, 3.75, 3.5 and 3.0. 
For BPTI (KISL.MGNG) -III MA, the pH 3.75 and 3.0 washes were 
omitted. Two washes were performed at each pH and the 
supernatants pooled, neutralized with 1 M Tris pH 8.0, diluted in 
LB broth, and titered for plaque- forming units. 

Table 206 illustrates that the pH 4.5 and 4.0 fractions 
contained the largest proportion of the recovered BPTI(K15V,R17L) - 
III MA phage. BPTI (K15L,MGNG) -III MA phage, like BPTI (K15L) -III 
MA phage, were recovered predominantly in the pH 5.0 and 4.5 frac- 
tions, as above. The affinity of BPTI (K15V, R17L) is 48 times 
greater than that of BPTKK15L) for HNE (using Kj values, AUBR89 
for BPTI(K15V,R17L) and BECK88b for BPTI (K15L) ) . That the pH 
elution profile for BPTI (K15V,R17L) -III MA phage exhibits a peak 
at pH 4.0 while the profile for BPTKK15L) -III MA phage displays 
a peak at pH 4.5 supports the contention that lower pH conditions 
are required to dissociate, from immobilized HNB, fusion phage 
displaying a BPTI variant with a higher affinity for free HNE. 

— *** ... 

EXAMPLE II 

BPTI Derivatives having high affinity for hNS 

We caused BPTI mutants to appear on the surface of M13 -derived 
display phage as amino- terminal fusions to the gene IXI protein 
(glllp) ; KL3 has about five copies of glllp per virion. Our phage 
library theoretically included the 1728 BPTI mutants with PHE, 
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GLY or MA at 



1.EU ILE, VAL or MET at positions 15 and 17, 
^tion IS. PHE, SER, THR or ILE at position 18 and SB* PRO, 
™ LYS or GLN at position 19, as a result of expression of a 
Zl sel (-ding for the aforementioned MGNG station) sub ected 
5 rcontroiL random mutagenesis, and screened for hNB- > i nd *g 
activity by incubating phage bearing the mutants with 
^ J eluting the phage with ~ ^ 

Twenty nuitants (see clonal identifiers in Tables 207-208) were 
^ted for saucing, and exhibited eight unique se.uence^ 

« EpiNE6 and B P iHB7 eluted 
«H 3 5- EDiNE2, BpiNB4, and EpiNE8 at pH 3.5-4. 

15 snJT and *WT*-*-» Phage from i-obili«d en suggests 
STthey^ay BPTI variants having . mr»r affinity for HKE 

^ X- "r HUB inhibition activity by the flucr-.tr = 

20 Tt Castillo fit al. «»ST79) ' <*• *» MalyMd 157 ! 
of S^l-Tw-") • W and EpiaE? have been 

pouted «». prct.in., both in 3. coli ana in yeasty 
ability o£ these proteins to inhibit ^ was "^^J*^ 
the cleavage of a fluorogenic substrate. The K, for Owe. 

2S Xo^Ti pM. 3 PM. an. 3 PM. Pb.g. J^*^ 
u»d to establish a refs»nc. pH-elution profile to alio, quick 
^acterisation of other ». ^ ^ 

All of the listed BpiNEfl have lower *s than BPRI (K15V,R171) (60 

30 ^An action of the sentences of the EpiKB clones is 
illuminating. A strong preference for either VAL or H* at the PI 
tos^on (residue IS) is indicated with VAL being favored ovar ILE 
£ 14M 6 No onvlM of LEO. PHE* or MET at the PI position 
le curved JZZ * *"»» 
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have included mutants with thes amino acids at Pi. This is 
consistent with the observation that BPTI variants with single 
amino acid substitutions of LEU, PHE, or MET for LYS„ exhibit a 
significantly lower affinity for HNE than their counterparts 
5 containing either VAL or ILE (BECK88b) . 

PHE is strongly favored at position 17 , appearing in 12 of 20 
clones . MET is the second most prominent residue at this position 
but it only appears when VAL is present at position 15. At 
position 18 PHE was observed in all 20 clones sequenced even 
10 though the library should have included other residues at this 
position. This result is quite surprising and could not be 
predicted from previous mutational analysis of BPTI, model 
building, or on any theoretical grounds. We infer that the 
presence of PHE at position 18 significantly enhances the ability 
15 each of the EpiNEs to bind to HNE. Finally at position 19, PRO 
appears in 10 of 20 codons while SER, the second most prominent 
residue, appears at 6 of 20 codons. Of the residues targeted for 
mutagenesis in the present study, residue 19 is the nearest to the 
edge of the interaction surface of an inhibitor with HNE. 
20 Nevertheless, a preponderance of PRO is observed and may indicate 
that PRO at 19, like PHE at 18, enhances the binding of these 
proteins to HNE. Interestingly, BpiNES appears only once and 
differs from BpiNEl only at position 19 ; similarly, EpiNE6 differs 
from EpiNE3 only at position 19. These alterations may have only 
25 a minor effect on the ability of these proteins to interact with 
HNE. This is supported by the fact that the pH elution profiles 
for EpiNBS and BpiNES are very similar to those of BpiNEl and 
EpiNE3 respectively. 

Only EpiNE2 and EpiNE8 exhibit pH prof lies which differ from 
30 those of the other selected clones. Both clones contain LYS at 
position 19 which may restrict the interaction of BPTI with HNE. 
However, we can not exclude the possibility that other alterations 
within EpiNE2 and BpiNES (R15L and Y21S respectively) influence 
their affinity for HNE. 
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Position 18 has not previously been identified as a key 
position in determining specificity or affinity of *protinin 
Rogues or derivatives for particular ser ine ^ P = s Non 
nave reported or suggested that phenylalanine at position 18 
confer specificity and high affinity for HNB. 

EXAMPLE III 

BPTX Derivatives having high affinity for hCO 

The same library of BPTI mutant -bearing phage was also 
screened for Cathepsin G binding activity. Figure 7 shows the 
S£ and P H profiles for the individual Cat G binding clones 
(orated EpiC variants). All clones exhibited minor : peaks, 
superimposed upon a gradual fall in bound phage, at pH elutions of 
Helots 1, 8, 10 and 11) or pH 4.5 (clone 7) . Table 209 reports 
clones that show binding to Cat G beads. 

A compari-n of the pH profiles elicited for the EpiC variants 
with Cat G and the EpiNB variants for hNE indicates that the BpiNB 
variants have a high affinity for hNB while the EpiC variants have 

a moderate affinity for Cat G. ^,4-* 
The Pi residue in the EpiC mutants is predominantly MKT, with 
^ example of PHE, while in BPTI it is LYS and in the . EpiNB 
variants it is either VAL or LEU. In the EpiC mutants residue 16 
is predominantly ALA with one example of GLY and residue > 17 is 
PHE ILE or LEU. Interestingly residues 16 and 17 appear to pair 
off' by complementary size, at least in this small sample. The 
e^GLY^esidue pairs with the bulky PHE while the relatively 
larger ALA residue pairs with the less bulky LEU and ILB. The 
mafority of the available residues in the MYMDT library for 
positions 18 and 19 are represented in the EpiC variants. 

EXAMPLE IV 

XXXiBl Derivatives having high affinity for HUB 

we Jse ^ th7nucleic-acid numbering of the iri-light-chain gene 
found in TRAB86 and the amino-acid numbering shown for UTI in Fig 
1 of GEBH86. we manipulated DNA according to standard methods as 
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described in SAMB89 and AUSU87. 

The protein sequence of human ITI-Dl consists of 56 amino acid 
residues extending from LYS W to ARGn of the complete ITT light 
chain sequence. This sequence is encoded by the 168 bases between 
5 positions 750 and 917 in the cDNA sequence presented in TRAB86. 
DNA encoding this amino- acid sequence was introduced into M13 gene 
111 by standard means. Phage isolates containing the ITI-D1-III 
fusion gene are called MA-ITI and carry an anp* gene. Expression 
of the ITI-D1::III fusion protein and its display on the phage 
10 surface were demonstrated by Western analysis and phage- titer 
neutralization experiments with rabbit anti(hlTT) serum. 
Fractionation Of MA-ITI Phage bound to ag arose- immobilized 
proteaae heada. 

To test if phage displaying the ITI-D1-III fusion protein 

15 interact strongly with the proteases human neutrophil elastase 
(hNE) or cathepsin-G, aliquot s of display phage were incubated 
with agarose- immobilized hNE or cathepsin-G beads (hNE beads or 
Cat-G beads, respectively) . The beads were washed and bound phage 
eluted by pH fractionation. The procession in lowering pH was: pH 

20 7.0, 6.0, 5.5, 5.0, 4.5, 4.0, 3.5, 3.0, 2.5, and 2.0. Following 
elution and neutralization, the various input, wash, and pH 
elution fractions were titered. 

The results of several fractionations are summarized in Table 
212 (EpiNE-7 or MA-ITI phage bound to hNE beads) and Table 213 

25 (Epic- 10 or MA-ITI phage bound to Cat-G beads) . For the two types 
of beads (hNE or Cat-G) , the pH elution profiles obtained using 
the control display phage (EpiNE-7 or BpiC-10, respectively) were 
similar to those seen previously. About 0.3% of the EpiNB-7 
display phage applied to the hNE beads were eluted during the 

30 fractionation procedure and the elution profile had a maximum for 
elution at about pH 4.0. A smaller fraction, 0.02*, of the Epic- 
10 phage applied to the Cat-G beads were eluted and the elution 
profile displayed a maximum near pH 5.5. 

The MA-ITI phage show no evidence of great affinity for either 
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„ or cath.p.iu.G i-obilUed on 

- or ma-itI phage bound to hNB or cat <* oeauc 

.n^' -"JL *• *~ ~— :rs 

PH Further, th. total fractions of the phage applied to * 
5 D e.ds that were recovered during th. f ~ctionation 

ouite low. 0.002% from bSE bead, and 0.003% from Cat-G bead.. 
90 Pushed value, of 4 for inhibition neutrophil ^ 
the intact, large <*.240,000, IB Protein rang, between 60 and 150 
* and valu.. b.tw«n 20 and S000 nM have ^J**"* £ * 

^sponsible for the inhibitory activity of in against hs., and if 
£s oomein is correctly delayed on the MVtTI 
~° jTThat the mini— affinity of an inhibitor for hOT that 
aTrbi^g^Tfractionation of dl^lay phage on - b«d. i. 

20 50 to 100 nM. 

' r ^T^™^ - configuration - 
solution^Bm. two polypeptide have identical amino 

d .XL in both the primary and .econdary 

25 with tTexception of four r..idu» about - « 

position. 11 and 34. for m-Dl the sequence for P 0,iti ™" 
20 i. (po.ition » in m-Dl corre.ponds to po.ition 3 « in the on 

sequence of GBBH86) i 

BPTI position number . ™*< n icv 

30 mr*'" "■ 11 '5 1J 1 S H J 2 o V very high 

Epiim T ';»!!: j g modeat 
" I - D1 3 f 3? 3? 3? 3? « 4? 5? » • W Positions 

35 Theae two proteins differ greatly In their affinitie. for hNB. To 
35 trovTthl affinity of m-Dl for hNS, the BpiSB-7 serene, was 
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inc rporated by cassette mutagenesis int the ITI-Dl sequence at 
positions 15 through 20 • Phage containing the ITI-Dl- III fusion 
gene with the EpiNB-7 changes around the PI position are called 
MA-ITI-E7. 

Fractionation of MA-ITI-E7 phaop. 

To test if the changes at positions 15, 16, 18, and 19 of the 
ITI-Dl- III fusion protein influence binding of display phage to 
hNE beads, abbreviated pH elution profiles were measured. 
Aliquots of EpiNE-7, MA-ITI, and MA-ITI-E7 display phage were 
incubated with hNE beads for three hours at room temperature. The 
beads were washed and phage were eluted as described above, except 
that only three pH elutions were performed: pH 7.0, 3.5, and 2.0. 
The results of these elutions are shown in Table 214. 

Binding and elution of the EpiNB-7 and MA-ITI display phage 
were found to be as described. The total fraction of input phages 
was high (0.4%) for EpiNE-7 phage and low (0.001%) for MA-ITI 
phage. Further, the EpiNB-7 phage showed maximum phage elution in 
the pH 3.5 fraction while the MA-ITI phage showed only a monotonic 
decrease in phage yields with decreasing pH , as seen above. 

MA-ITI-B7 phage show increased levels of binding to hNE beads 
relative to MA-ITI phage. The total fraction of the input phage 
eluted from the beads is 10 -fold greater for both MA-ITI-E7 phage 
strains than for MA-ITI phage (although still 40 -fold lower that 
EpiNB-7 phage) . Further, the pH elution profiles of the MA-ITI-E7 
phage strains show maximum elutions in the pH 3.5 fractions, 
similar to EpiNE-7 phage. 

To further define the binding properties of MA-ITI-E7 phage, 
the extended pH fractionation procedure described previously was 
performed using phage bound to hNE beads, as shown in Table 215. 
The pH elution profile of EpiNE-7 display phage is as previously 
described. In this more resolved pH elution profile, MA-ITI-E7 
phage show a broad elution maximum centered around pH 5. Again, 
the total fraction of MA-ITI-B7 phage obtained on pH elution from 
hNE beads was about 40 -fold less than that obtained using EpiNE-7 
display phage. 
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The pH elution bahavior of MVITI-B7 phage ^ 
1. oualitatively stailar to that ..an u.ing BPTI [K15L] -HI-MA 
ZJZ^TSL the tut, -cation ha. a. affinity for hM of 

5 prof . for Ma-m-BV suggests that the affinity of th. free 
m! D1 - S 7 domain for nNB is in th, nM rang. 
sub-titution of the EpiHE-7 ..queue, in plao. of the m » 
Z»nc. around the PI region ha. produced an apparent 20- to 50 
f Z increa.ed affinity for Ul <a..uming K, - 60 to 150 m for 

" m "« W» «*> ««■»•«' — 90lUtlM '"Tn^ 

th^e protein. pre»nt the identical amino acid 
over Jh. interaction .urface. Deapite this .imilarity, «W-7 
^ ^ T^hly XOOO-fold gr»ter affinity for h»B than doe. 

« ^Dl-a7? ThL ob.erv.tion highlight, the i-portance of non- 
costing ..oondary reeidue. in bating 

m light chain i. glycoaylated at SEBio and MH45 (GBBH86) . 
KeJToftl glyco.aminoglycan chain, ha. b~n . to 
thTalfinity of th. inhibitor for hSB about 5-fold (SSLL37). 

20 ^rToTentlally portent differs, —en Bp*B-7 ^nd 
OT-D1-B7 1. that of net charge. BPTI has charge *6 while BpU"" 
S cLrg.\l and ITI-D1 ha. ch«g. -1. Furthermore, the change 
^cnarg! between the.. two molecule. ari.« from f 
Icenlal portion, of the nolecule. which neighbor, the binding 

25 .urface Pcition 26 i. LYS in BpiOT-7 and U THE in IK-W-17. 
wnflH; portion 31 the reeidue. are GUI and GLU. re.pectiv.ly 
tT^ =™ change, not only alter the net molecular charge but 
1^ pltTUative charge clo.e to th. interaction .urf«. in 
x 7Ly be that the occurrence of a negative charge at 

30 £.1^31 f ound in any oth« W inhibitor, her. deecrihed, 
de.tabili?ed the inhibitor-protease interaction. 

«e replaced a,EDS of ITI-D1 with R.PDP free. EpiHB7 to mate 
phage «..Bm.B7. Ph.. of BPTI i. part of the hydrophobic core of 
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the protein; replacement with serine may alter the stability or 
dynamic character of ITI-E7 unfavorably, iti-b? has a negatively 
charged Glu at position 2 while BpiNe7 has Pro. 

We made the same changes at the putative amino terminus of the 
5 1TI-III fusion protein displayed by the phage MA-ITI. These phage 
are called MA-BITI. 

We compared the properties of the ITI-m fusion proteins 
displayed by phage MA-ITI and MA-BITI using Western analysis. We 
found no significant differences in apparent size or relative 
10 abundance of the fusion proteins produced by either display phage 
strain. Thus, there are no large differences in the processed 
forms of either fusion protein displayed on the phage. By 
extension, there are also no large differences in the processed 
forms of the gene III fusion proteins displayed by MA-ITI-E7 and 
IS MA-BpiNB7. Large changes in protein conformation due to greatly 
altered processing are therefore not likely to be responsible for 
the great differences in binding to hNE-beads shown by MA-ITI-E7 
and MA-EpiNE7 display phage. 

We characterized the binding properties to hNB-beads of MA- 
20 BITI and MA-BITI-B7 display phage using the extended pH 
fractionation procedure described previously, see Table 216. The 
PH elution profile of MA-EpiNB7 display phage bound to hNB-beads 
is similar to that previously described. The pH elution profiles 
for MA-BITI and MA-BITI-E7 show significant differences from the 
25 profiles exhibited by MA-ITI and MA-ITI-B7 <cf. Tables 212 and 
215). m both cases, the alterations at the putative amino 
terminus of the displayed fusion protein produce a several-fold 
increase in the fraction of the input display phage eluted from 
the hNB-beads. 

The binding capacity of hNE-beads for display phage varies 
among preparations of beads and with age for each individual 
preparation of beads. Thus, one should compare the relative 
shapes of profiles obtained on beads of substantially the same age 
and from the same batch. For example, the fraction of MA-EpiNE7 
display phage recovered from hNE-beads varies two-fold among the 
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916 and from results 

mtmu ^ eho« . * «- - ScTon 2 "^, ...-P.- 
given elsewhere in the present s P It is possible to 

0£ ^ pn elu^i- - ^« =apa=i* of 

correct approximately for variati fl o£ 

5 „.ad. hy normalizing ^ ? O oncurr»t elution. 

MA-EpiUB7 Phage "^'^^ 21S «. .o normalized. 



are: 



10 



normalized fraction 
tout 

— 0.0067 

MA-ITI 0.027 
MA-BITI 



15 „_ 0.027 

MA-BITI-B7 



^layed fu.ion '-t^r ^aT. «hil. - M.-XTX-B, 

T JS? * tSJT-*— "ound pE 5.0. the pH 
elute with a broad P 8 maximum ^dnuB »t around pH 

elution prof U. tor Ma-BITI-B7 phage ha. a pH maximum 

4.75 to pH 4.S. M»-B.rn-S7 display phage ie 

* " ^"LrlZ. ££Z - BPTHK15U and 
located between the maxima earn. 4 5 „ „„ 4 . 0 , 

BPTKK1SV. R17L) dleplay Pbag. < PH / tt . pH 

respective) described previously «° ^ Mt tn . em- 
.J^ exhibited by tM display P«g.-«^«^ 10 .„ „ 
B7 prowin free In solution b» • C e»-fold lncre.ee in 

affinity for bHB over that ^ proteins show 

Aa deecribed above. Western anal v' " ° £ ^ p rote ine upon 
^ there «. » large f^- 1 ^^ 1 Sue, £ i. unliKely 
alteration of the amino for ^-bead. can be 
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from altered ("correct") processing of the fusion protein in the 
amino terminal mutants. The improvements in binding may in part 
be due to: l) the decrease in the net negative charge (-1 to 0) on 
the protein arising from the GLU to PRO change at position 2, or 
5 2) increased protein stability resulting from the SBR to PHE 
substitution at residue 4 in the hydrophobic core of the protein, 
or 3) the combined effects of both substitutions. 



Production and properties of ma-bttt-b7-i222 a nd ma-bttj-py-^ i 
10 Within the presumed KuDonuhNE interface, BITI-B7 and EpiNE7 
differ at only two positions? 11 and 34. In EpiNB7 these residues 
are THR and VAL, respectively. In BITI-E7 they are ALA and GLN. 
In addition BITI-B7 has GLU at 31 while BpiNE7 has GLN. This 
negative charge may influence binding although the residue is not 
IS directly in the interface. We used oligonucleotide- directed 
mutagenesis to investigate the effects of substitutions at 
positions 11, 31 and 34 on the protease: inhibitor interaction. 

Phage MA-BITI-B7-1222 is the same as BITI-S7 with the mutation 
AilT. Phage MA-BITI-B7-141 is the same as BITI-E7 with the 
20 mutations B31Q and Q34V. 

We determined the binding properties to hNE- beads of MA-BITI- 
E7-1222 and MA-BITO-B7-141 display phage using the extended pH 
fractionation protocol, as shown in Tables 217 (for MA-BITI-E7 and 
MA-BITI-E7-1222) and 218 (for MA-BpiNB7 and MA-BITI-E7-141) . 
25 Thus, the substitution of THR for ALA at position 11 in the 
displayed in derivative has no appreciable effect on the binding 
of display phage to hNE -beads. 

In contrast, the changes at positions 31 and 34 profoundly 
affect the hNB-binding properties of the display phage (Table 
30 218). The elution profile pH maximum of MA-BITI-B7-141 phage is 
shifted to lower pH relative to the parental MA-BITI-E7 phage. 
Further, the position of the maximum (between pH 4.5 and pH 4.0) 
is identical to that exhibited by MA-EpiNE7 phage in this 
experiment. Finally, the MA-BITI-B7-141 phage show a ten- fold 
35 increase, relative to the parental MA-BITI-E7, in the total 
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fIMt ion of input *~ r.n^e^^ 1 ' 

Indeed, the total fraction of MA-BITI-B7 w P=*9 
nOT-beads i. nearly twice that of MR- BplNE7 phage . 
The results discus.ed above show that biding by 

for hNE reported for the intact ITI protein. 

10 

S-«7-"l differs from ITI-Dl at nine positions (1. 2, 
n iT 18 19 31, and 34) . To obtain the protein having the 

at position. 1. 2. 4.". ^ ^ m i*»*«d 

introduced into the Bin b/ a*x * 
schematically below: 
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25 



30 



35 



residue 
lllil 




ITI-D1 

141 

MDT1619 
M0TP1 

AMTNOl 
AMIN02 

MDTQB 
MDTT26A 



X B D S 

&?s; 

EFBF 
RED? 

II H 
SPSS 

KEIF 
R P D F 



A 
A 

A 
A 

A 
A 

A 
A 



. KOMIS 

. V A M P P 

. VflHFS 

. . I 0 K P S 

,. V A M F P 

.. V A X F P 

.. V A M F P 
V A M F P 



T 
T 



B .. Q 

Q .. V 



T .. Q v 
T .. Q v 



T .. 
h ■ 



Q .. V 

Q .. V 

B .. V 

Q .. V 



V (3 II F S A • • 2 • • V 

„ r^ rm- D i nor in BILTI-B7-141 are shown 

Znw restores the m-ni residue, at position. If and 19. 
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is likely that MET at 17 and PHB at 18 are optimal for high 
affinity hNE binding, but F n F„ is also effective. GLY at 16 and 
SER at 19 occurred frequently in the high affinity hNB-binding 
BPTI -variants obtained from fractionation of a library of BPTI- 
5 variants against hNE (ROBE91) . Thus, it seems likely that the 
ITI-Dl sequence at these positions can be restored while maintain- 
ing high specific affinity for hNE. The sequence designated 
MOT200 is hypothetical, but is very likely to have high affininty 
for hNE. 

10 The BITI display phage were produced by substituting R,PDP of 
EpiNB7 for K,EDS of ITI phage. 

Two changes had been introduced into the sequence for BITI-B7 
to produce BITI-E7-141: GLU to GLN at position 31 and GLN to VAL 
at position 34. 

15 The BITI -E7- 141 protein sequence ASN24 - GLY25 - THR2 6 matches the 

general recognition sequence ASN-X-THR/SKR for N- linked 
glycosylation in eukaryotic organisms, in the intact ITI molecule 
isolated from human serum, the light chain polypeptide is 
glycosylated at this site (ASN45 , ODOM90) . It is likely that 

20 ASN24 will be glycosylated if the BITI-E7-141 protein is produced 
via eukaryotic expression. Such glycosylation may render the 
protein difficult to purify to homogeneity and immunogenic when 
used for long-term treatment. We changed T M to A because alanine 
is found frequently at this locus in KuDoms. 

25 hHB-blnfliiw properties of mutaomizad m&-bttt. B 7-i*i rfi«r>i av nw» 
The binding properties of the individual phage populations to 
hNE -beads were determined using the abbreviated and extended pH 
elution protocols described previously. The results of these 
studies are presented in Table 219. 

30 Table 219 shows pH elution data for the various display phage 
eluted from hNE -beads. Total pfu applied to the beads are shown 
in the second column. The fractions of this input pfu recovered 
in each pH fraction of the abbreviated pH elution protocol (pH 
7.0, pH 3.5, and pH 2.0) are listed in the next three columns. 
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For data obtained using the extended P H elution protocol, the pH 
Ts Usting represents the sum of the fractions of input recovered 
in th.e pH 6 . 0 , pH 5.5, PH 5.0, pH 4.5, pH 4.0, and PH 3.5 elution 

* «£ inout obtained from the pH 3.0, pH 2.5, ana pa «. 

5 tX. ™ total faction of the W pfu obtained th^ghout 
^TpH elution protocol is record** In the sixth colum of Table 
Z L final »lu» »< the table lists the total fraction* 
i^t pfa recov«ed normlized to the value obtained for MA-BXTI 

" E7 -^^tor.r: b. oonsi^ — ' -£ 
to. data shown in Table 219. The first is that, due to the 
Snetio nature of phage release fro. hNB-bead. and the longer, i« 
involved in the extended pH elution protocol, the fraction of 

a input pfu recov«ed in the pH 3.5 fraction will be * 
ex*!., of the pH 2.0 fraction in the extended protocol relate. 

value, obtained in the abbrwlated protocol. The 

vhau input pfu dif fer by .ore than a factor of 
2S r^he effect can lead to an ovMTMtimte of affinity of display 
p^fcr Li-bead. wb» data fro. phage applied at higher titer, 
is lompaMd with that fr« phage applied at lo«r titer.. 

M^fol of th-e caveat.. w. interpret Table 219. The effect, 
of the station, introduced into H*.Brn-B7.1«l J*"' 
30 ?.JL*X-> on binding of di.play phage to hHB-beed. can be 
aroused into three eategori.a: those change, that have little or 
noTffec*. tho.. that have ^derate (2- to 3-f.ld. effects, and 
those that have large I.S-fold) effects. 

The KOTOS! and M0T0B changes appear to have little effect on 
35 the binding of display phage to hKB-be.de. In « of total pfu 
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recovered, the display phage containing these alterations bind as 
well as the parental to hNE-beads. Indeed, the pH elution profiles 
obtained for the parental and the MUTT26A display phage from the 
extended pH elution protocol are indistinguishable* The binding 
of the MUTQE display phage appears to be slightly reduced relative 
to the parental and, in light of the applied pfu, it is likely 
that this binding is somewhat overestimated. 

The sequence alterations introduced via the MDTP1 and MUT1619 
oligonucleotides appear to reduce display phage binding to hNE- 
beads about 2- to 3 -fold. In light of the input titers and the 
distributions of pfu recovered among the various elution 
fractions, it is likely that 1) both of these display phage have 
lower affinities for hNE-beads than do MA-EpiNE7 display phage, 
and 2) the M0T1619 display phage have a greater affinity for hNE- 
beads than do the MUTP1 display phage. 

The sequence alterations at the amino terminus of BITI-E7-14 
appear to reduce binding by the display phage to hNE-beads at 
least ten fold. The AMIN02 changes are likely to reduce display 
phage binding to a substantially greater extent than do the AMINOl 
changes . 

On the basis of the above interpretations of the data listed 
in Table 219, we can conclude that: 
1.) The substitution of ALA for THR at position 26 in ITT-Dl 
and its derivatives has no effect on the interaction of 
the inhibitor with hNB. Thus, the possibility of 
glycosylation at ASN24 of an inhibitor protein produced 
in eukaryotic cell culture can be avoided with no 
reduction in affinity for hNE. 

2. ) The increase in affinity of display phage for hNE-beads 
produced by the changes GLU to GLN at position 31 and GLN to VAL 
at 34 results primarily from the VAL substitution at 34. 

3. ) All three changes introduced at the amino terminal region of 
ITT-Dl (positions 1,2, and 4) influence display phage binding to 
hNE-beads to varying extents. The change at position 4 (SER to 
PHE) appears to have a much greater effect than does the change at 
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teMm 2. The change at Pontic 1 may have little or no 

I" change, in the region around the PI residue in Bm-B7-141 
is! influence display phage binding to hNE. The .changes 
5 Tto GLY at 16 and PRO to SER at 19 a^ar to , «duce £ 
=*ri=itv of the inhibitor scmwhat (perhaps 3-fold). The 
Nation of » for «L « position 15 further reduce. 

""^-ir-ua differs from m-Dl at nine positions. On the 
M basHf the r^^SS 

prions. These differences would be: PHR at position 4 VAL at 
ccIitioTlS PHB at position 18. VAL at position 34. and ALA at 
„ £.£0. U . « glyco^lation of ASK4 i. not a concern THR could 

^^a,. basis of display phage binding to and elutlon from hOT 
2 „ beads T,s Z-^Z estLt. affinities for « that various 
active, of ITI-D1 may display free in solution. These 
estimate, are summarised below and in Table 220. 

fog™? 1 * 5 

35 Figure 11 illustrate, a number of InitUl and interstate 
cJZZ involved in a hypothetical synthetic route of a U=*=r 
S incorporate. R, - 2-propyl. * - (-C0-CP2-]. and ^ - -<*,. 
compound I is glyeeraldehyde in which the hydr<*yl. «*; 

30 protected by methylthic-ethyl (KM group. ■ Cp.nota MBB» 
' ^^v ^Mltlon. Part B, Reaction, and 
= !hl.ie P A Carey and R. j" Sundberg. Plenum Pre... New 

!ited tner^n) . Compound I is reacted with the Grignard reagent 
,5 TorlTHropylchlorid. to yield XX. Xn «. the hydr«yl at 
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C, has been prot cted by a tetrahydropyranyl ether (THP) group 
(p. 679 in CARB90) . The MIM groups are selectively removed under 
nonacidic conditions in aqueous solution with Ag+ or Hg+* 
(p. 680, CARE90) . The hydroxyl at C, is selectively oxidized to 
5 the ketone with N-bromosuccinimide (pl059 in advanced organtt? 
CHEMISTRY. Reactions. Mechanisms, and S truefctira Third Edition, 
Jerry March, John Wiley & Sons, New York, 1985, ISBN 0-471- 
88841-9 (hereinafter MARC85) and Filler, Chem Rev . 63:21-43 
(1963) (PILL63)) to give compound IV. 

10 The C, hydroxyl of IV is blocked with MTM, the keto group at 
C, is reduced to the alcohol with LiAlH* (p. 809 MARC85) ; the C, 
hydroxyl is blocked with a S-methoxyethoxymethyl group (p. 679 
CARE90) and the MTM group is removed to produce V. V is 
oxidized to the aldehyde with N-chlorosuccinimide (p. 1059 MARC85 

15 and PILL63). Compound VI is converted to a Grignard reagent and 
reacted with V to produce the alcohol VII. N-chlorosuccinimide 
is used to convert C, to a ketone; the ketone is converted to a 
3fim- di fluoride (compound VI II) with diethylaminosul- 
furtrifluoride (DAST) or one of the other reagents listed on 
20 p. 809 Of MARC85. 

The THP group protecting the hydroxyl on C, is removed by 
mild acid aqueous hydrolysis (p. 689 CARB90) ; the hydroxyl is 
converted to the chloride with PCI, or other suitable reagent 
(such as those listed on p. 383 of MARC85) to yield compound IX. 

25 The MEM groups are then removed with non-aqueous zinc bromide 
(p. 679 CARB90) . C, is then oxidized to a keto group while C, is 
oxidized to a carboxylic acid with an appropriate oxidizing 
agent, such as KMnO, or CrO, (MARC85 p. 1059 and p. 1084) to yield 
compound X. The methyl ester of X is prepared by reaction with 

30 diazamethane (CARB90, p. 134) and is reacted with potassium 
phthalimide (CARE90, p. 132) to give XI (after treatment with 
hydrazine and hydrolysis of the methyl ester) . XI is suitable 
for incorporation into peptide synthesis using Pmoc or tBoc 
chemistry. 
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«. syntbesis of XI does not .scablish daf inlt. ebirality at 
C. or C; n oould be resolved Into tour components by. tor 
.Uple. ohromtosraphy ov« a ohlral matrix su=» a. « 
Zooilized protein, solving XI Into component, ot dit£er«t 
5 chirality is preferred. 

Alternatives in the synthesis include: 
a) use of 2-butyl chloride Grignard reagent in place of 2- 
propyl chloride Grignard reagent in the first reaction. 
Lis change leads to synthesis of an analogue of ILB- 
L0 ALA in which the linking -n- group is replace by -CP, 

Other alkyl chlorides may be used in place of 2- 
propyl chloride, leading to other dipeptide analogues 
in which the first amino acid is replaced. 
bl replacing VI with XIII. This leads to synthesxs of 
15 analogues of VAL-GLY or ILB-GLY. Other KO---^ 

chlorTcompounds can be used in place of VI, leading to 
dipeptide analogues in which the second amino acid is 

different from ALA. 
c) using compounds XIV and XV in place of V and VI, one 
, 0 can prepare XVI having no P substituents . 

d , use of C4-CV allows addition of -P and 

across a double bond (p. Ml CARB90 and ref 42 cite 
there) . XVII can be obtained, for example, by 
dehydration of the Grignard adduct of XIV and XV. 
25 Addition of C*-CV produces XVIII which can be 

converted to the monofluoro derivative of XI. 
e) Closely related chemistry may be used to P*°*"" 

compounds having an additional -CH,- between C, and C, 

of XI. 

30 

^ 13 sno« compound, involved in a bypotbetical 
^JZ ot dipeptid. analog, tbat contain boron *pla J 
carbonyX carbon. Tb... mop*, are used in Class I and Class 
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II inhibitors. Compound XXXI was reported by Matteson sL al. 
(Qrganometftlllrn 3:1284££ (1984) (MATT84)). XXXI is 
transesterified to give the isopropyl ester, XXXII. XXXIII is 
the MOM protected derivative of 1 hydroxy- 2-methyl-3- 
5 chloropropane; XXXIII is reacted with lithium and the lithium 
derivative is reacted with XXXII to give XXXIV. The MOM group 
is removed, the free alcohol is oxidized to the aldehyde with N- 
chlorosuccinimide and then to the carboxylic acid with CrO,. 
The free dipeptide analogue is shown as XXXV. 
10 Example 7 

Figure 14 shows compounds involved in a hypothetical 
synthesis of a molecule containing a boronic acid group. The 
boronic acid group is positioned so that, when R, occupies the 
SI' site, it occupies the site of the carbonyl carbon of residue 
15 Pi. Compound XLI is readily prepared when R3 is -H, -CH,, 

ethyl, fitfi^. Matteson ££ aL. MATT84 reports use of XLII. XLII 
imposed a particular chirality on XXXI (Figure 13). Reaction of 
XLII with XLI will produce XLIII. It is likely that the product 
will predominantly have one chirality at C,. It is not known 
20 whether the chirality will be as shown in Figure 14 or the 
opposite. XLIV is obtained by removal of the MOM group and 
oxidation of the primary hydroxyi at C, to the carboxylic acid. 
XLIV can be coupled to free amines using N,N' - 
dicyclohexylcarbodiimide (DCC) . As XLIV has no amine groups, 
25 XLIV is a chain terminator. 

The R, linkers used in Class II inhibitors can be 
synthesized by standard methods as found in CARE90, MARC85, and 
other sources. 
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Table 13: BPTI Homologues (1-19) 
„ * i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 



) 



WO 92/15605 PCT/US92/01501 



67 





R # 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 




31 


Q 


Q 


Q 


E 


E 


Q 


Q 


Q 


Q 


Q 


Q 


B 


L 


L 


L 


K 


B 


Q 


L 






T 


T 


1 


tf 


1 


JL 


1 


rp 


rp 

T 


rp 

T 


m 

T 


VJ 


P 


Q 


B 


V 


s 


Q 


P 






p 




v 


V 


V 


£- 


V 


a 

£_ 


a 

£_ 


E_ 


O 

E_ 


E- 


-J. 




-JL 




f 


-J. 


_E 


e 




V 


V 


V 


I 


V 


V 


V 


V 


IT 

V 


TT 
V 


V 


rp 


D 


X 


X 


F 


I 


X 


N 






v 


X 


-JL 


X 


JL 


*- 


_JL 




w 

» 


X 


V 

X 


w 


mm 

z. 


_JL 




_x_ 


Y 


y 


X 




36 


6 


G 


0 


0 


G 


G 


G 


G 


a 


G 


G 


s 


s 


G 


G 


G 


G 


G 


s 




J 1 




U 


Q 




_2_ 


g 


_SL 


Q 


Q 


.JL 


-JL 


_s_ 


-iL 


.9 


9 


_.<3 


<3 


. G_ 


<3 




38 


S 


T 


A 


c 


C 


c 


C 


C 


Q 


C 


C 


c 


C 


C 


c 


_C 


..<? 


c 


c 




39 


R 


R 


R 


Q 


R 


R 


i* 

R 


R 


R 


R 


R 


G 


G 


G 


G 


G 


K 


R 


G 




A A 

40 


A 


A 


A 


G 


A 


A 


A 


A 


A 


A 


A 


G 


G 


G 


G 


G 


G 


G 


G 




41 


K 


•* 
K 


K 


N 


K 


K 


K 


K 


K 


K 


K 


N 


N 


N 


N 


N 


N 


N 


N 




A O 

42 


K 


R 


R 


N 


S 


R 


R 


R 


R 


R 


R 


S 


A 


A 


A 


A 


K 


Q 


A 




43 


at 
ft 




IL 




« 


w 


JL 


JL 


JL 


. H 




IT 


*r 


& 


_H_ 


GL 


..IL. 


..IT 


N 


15 


44 


N 


N 


N 


N 


N 


N 


N 


N 


N 


N 


N 


R 


R 


R 


R 


N 


N 


R 


R 




45 




f 


J_ 


F 


JL 


J_ 


J_ 


JL 


JL 


JL. 


-E, 


JL 


P 


P 


7 


P 


P 


P 


F 




A £ 

4b 


K 


K 


K 


B 


K 


K 


K 


X 


K 


K 


K 


K 


K 


K 


K 


B 


R 


D 


K 






b 


Q 

o 


Q 

9 


rp 

T 


e 
a 


S 


S 


s 


s 


3 


S 


T 


T 


T 


T 


T 


T 


T 


T 




48 


A 


A 


A 


T 


A 


A 


A 


A 


A 


A 


A 


I 


I 


I 


I 


R 


K 


T 


I 




AO 




n 

e 


s 




s 


s 


s 


s 


B 


E 


B 


B 


B 


D 


D 


D 


A 


Q 


E 




D\J 




iJ 


V 




u 


JJ 


D 


D 


D 


D 


D 


B 


B 


B 


B 


B 


B 


Q 


B 




51 


s_ 


c 


c 




c 


c , 


0% 

v_ 




_fi_ 


_C. 


JCL, 


c. 


JL. 


C , 


_c_ 


_£ 


C . 


, C 


c 




52 


M 


M 


M 


L 


M 


H 


M 


M 


M 


M 


E 


R 


R 


R 


H 


R 


V 


Q 


R 




53 


R 


R 


R 


R 


R 


R 


R 


R 


R 


R 


R 


R 


R 


R 


R 


B 


R 


G 


R 


25 


54 


T 


T 


T 


I 


T 


T 


T 


T 


T 


T 


T 


T 


T 


T 


T 


T 


A 


V 


T 




55 


C 


c 


C 


c 


c 


,c 


.c 


C 


S 


C 


c 


c 


C 


c 


G 


.C_ 


..c 


C 


c 




56 


G ' 


G 


G 


B 


G 


G 


G 


G 


G 


G 


G 


I 


V 


V 


V 


G 


R 


V 


V 




57 


G 


G 


G 


P 


G 


G 


G 


G 


G 


G 


G 


R 


G 


G 


G 


G 


P 




G 




58 


A 


A 


A 


P 


A 


A 


A 


A 


A 


A 


A 


K 








K 


P 






30 


59 
60 
61 
62 
63 








































35 


64 









































WO 92/15605 



PCT/US92/01501 



68 

Table 13, Continued (BPTI Homologues 20-35) 
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Table 13, continued 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 
RRRNNNNNKNNNRRNK 

rrT .»»FffT rrr * 
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XVVGVAGRGLBOSIRS 
OVGAAAV-VVLGGN-I 
...SSKR- PYYAF--P 



A G Y S 
- I G - - D 
_ . - - - B 



Q P R - - - " O 

B 



A 



WO 92/15605 



PCT/US92/01501 



Table 13, continued (Homologues 36-40) 





R # 


36 


37 


38 


39 


40 




O 












5 


-4 














-3 














-2 














-1 




z 










1 


R 


R 


R 


R 


R 


10 


2 


P 


P 


P 


P 


P 






u 


U 


L? 


u 


V 




4 


p 


F 


P 


P 


p 




e 


m 
k_ 


u 


C 




— C 




6 


L 


L 


L 


L 


L 


15 


7 


B 


B 


E 


B 


E 




8 


p 


P 


P 


P 


P 




9 


p 


P 


P 


P 


P 




10 


y 


y 


y 


Y 


Y 




11 


T 


T 


T 


T 


T 


20 


12 


Q 


q 


Q 


g 


Q 




13 


P 


p 


P 


p 


P 




1 A 










_c 




15 


R 


K 


K 


K 


K 




16 


A 


A 


A 


A 


A 


25 


17 


R 


R 


R 


R 






ifl 
xo 


T 




X 


M 
M 






19 


I 


i 


I 


i 


i 




20 


R 


R 


R 


R 


R 




21 


y 


Y 


y 


y 


y 


30 


22 


p 


P 


p 


p 


p 




23 


X. 


X 


X 


X 


X 




24 


N 


M 


M 


N 


V 




25 


A 


A 


A 


A 


A 




26 


K 


K 


K 


K 


K 


35 


27 


A 


A 


A 


A 


A 



) 



PCT/US92/01501 

WO 92/15605 

72 





28 


6 


G 


G 


G G 




29 


T 

u 


T. 

u 


T, 


L F 




30 
31 


C 


Jr- 


n 


e c 




Q 


Q 


Q 


Q B 


c 


32 


T 


P 


P 


P T 




33 
34 


f 


P 


p 


P—Z 




V 


V 


V 


V v 




JO 

36 


Y 






T * 




G 


G 


G 


G G 


10 


37 
38 
39 


G_ 


9 . 


G.. 


a_fl 


C_ 


C. 


C, 






R 


R 


R 


R K 




40 


A 


A 


A 


A A 




41 


K 


K 


K 


K K 


15 


42 


R 


S 


R 


R S 




43 


N, 


JL 


IT. 





WO 92/1*05 



PCT/US92/01501 



Table 13, continued 





p u 


•3 0 


J / 


J o 




40 




44 


N 


N 


N 


N 


N 




45 


f 


p 




r 


F 


5 


46 


K 


K 


K 


K 


R 




47 


9 




Q 


Q 


e 
o 




48 


A 


A 


3 


A 


A 




49 


B 


E 


B 


E 


E 




50 


D 


D 


D 


D 


D 


10 


51 


c 


c 


c 


c 


c 




52 


B 


M 


M 


M 


M 




53 


R 






p 

A 


v 




54 


T 


T 


T 


T 


T 




55 


c 


c 


C 


c 


c 


15 


56 


6 


6 


G 


G 


G 




57 


G 


G 


G 


G 


G 




58 


A 


A 


A 


A 


A 




59 














60 












20 


61 













WO 92/15605 



PCT/US92/01501 



74 

Legend to Table 13 

1 BPTI 



2 Engineered BPTI From MARK87 

3 Engineered BPTI From MARKS 7 

4 Bovine Colostrum (DUFT85) 

5 Bovine Serum (DUFT85) 

i semisynthetic BPTI/ TSCH87 

7 Semisynthetic BPTI, TSCH87 

10 8 semisynthetic BPTI, TSCH87 

10 9 semisynthetic BPTI, TSCH87 

10 Semisynthetic BPTI, TSCH87 

s aao^y^ ^ venom 1 

15 (DOT Tf } i ,tn TinlTlrr- tBlack Mamba) venom K 

(D0F Tf Vrmnrtinr- Cobra) ™ 11 

25 013 H ffnttr'- (^tem Green Mamba, 

30 (DOFT85 ^i ,„„ r , n nn1n nnUr— "* ac * » B toxin 

25 BmrmnTf! ^^iatus viii b ^ (DUFT85) 
35 26 nn^onl f. HUj«j» <"? Ug^S. } domain (DUFT85) 

27 Hnmo naplena Hi-|e ,^£i™ do S (doftss) 

28 Homo flaplena Hi-Bt active aoMoa 

34 Boa taur^a (inactive) BI-14 

45 S.S5fi£5 AS 1 TSiS"i-») • «— « ' Bio1 

«£*T?K V? 1 f-sf^^Sielfs^"; and 
39:Isoaprotinin G-2: Siekmann, wenzex, =>^ 
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Tschesche '88, Bi 1 Chem H ppe-Seyler, 2££:157-163. 

40:Isoaprotinin l: Siekmann, Wenzel, Schroder, and 
Tschesche '88, Biol Chem Hoppe-Seyler, 2£2:157-163. 

5 Notes : 

a) both beta bungarotoxins have residue 15 deleted. 

b) B . mor l has an extra residue between C5 and C14; we 
have assigned P and G to residue 9. 

in h! SJ ?a tu f al proteins have C at 5, 14, 30, 38, 50, & 55. 
10 d) all homologues have P33 and G37. 

e) extra C's in bungarotoxins form interchain cystine 
bridges 
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Table 15: Frequency of Amino Acids at Each Position 
in BPTI and 58 Homologues 

Res. Different Pirat 

5 ™ AAs Content s, "f* 

-5 2 -58 D 
-4 2 -58 B 
-3 5 -55 P T Z F 
2 10 -43 R3 Z3Q3T2EGHKI* 

10 -1 11 -41 D4P3R2T2Q2QKNZB ' 

10 l 13 R35 K6T4A3H2 62 LMNPID J 

2 10 P35 R6 A4 V4 H3 B3 JF I L J 

3 11 D32 K8 S4 A3 T3 R2 B2 P2 G L Y « 

J 9 F34 ASD4L4S4Y3I2WV J . 

15 6 13 SI N7 E6 K4 Q4 13 D2 S2 Y2 R F T A L 

7 7L28B25K2FQST p 
a 10 P46 H3D2G2BIKLAQ 

9 12 P30 A9 14 V4 S3 Y3 Ii F Q H B K * 

20 iS I £1 Is D8 V6 R3 S3 A3 N3 I * 

11 11 T31 Q8P7R3A3Y2KSDVI £ 

12 2 G58 K p 

13 5 P45 R7 M 12 » c 

25 It 12 K2W2L7V6 Y3M2 -2NIAFG J 

S ll R^f8S D F5£?Jl2A2S2G2IN T P J 

30 3 1? - & WW J N B T J 

20 5 R39 A8 L6 S5 Q Y 

21 5 Y35 F17 W5 I L p 

22 6 F32 Y18 A5 H2 S N y 

23 2 Y52 F7 N 
35 It 13 S9«SG4W4P3T2L2RNKVI * 

26 S SI A9 « 93 V3 R2 B2 G H F Q * 

27 8 A32 Sll K5 T4 Q3 L2 I E 

28 7 G32 K13 N5M4Q2R2H L 
40 29 10 L22 K13 QH AS F2 R2 N G M T J 

30 2 C58 A .,„_,, Q 

31 10 Q25 B17 L5 V5 K2 N A R I Y « 

32 11 T25 PH K4 04 L4 R3 B3 G2 S A V J 

45 S 13 31 HO TS N3 Q3 D3 K3 F2 H2 R S P L V 

35 2 Y56 W3 g 

36 3 G50 88 R q 

37 1 G59 C 

38 3 CS7AT 



) 
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T^ii-i 5 ' *»9«Mncy of Amino Acids at Each Positi u 
in BPTI and 58 Homologues (continued) 

Res . Different 
5 Id- AAa Contents First 

39 9 R25 613 K6 Q4 E3 M3 L2 D2 P 

40 2 635 A24 

41 3 N33 K24 D2 

42 12 R22 A12 68 S6 Q2 H2 N2 M D E t L 
10 43 2 N57 62 

44 3 N40 R14 K5 

45 2 F58 Y 

46 11 K39 Y5B4S2 V2D2 RHTAL 

47 2 S36 T23 
15 48 11 A23 111 E6Q6MK2T2W2SDR 



50 7 E27 D25 K2 L2 M Q Y 

51 2 C58 A 

52 9 M17 R15 E8 L7 K6 Q2 T2 H V 
20 53 11 R37 BSQ5K2C2H2AN6DH 

54 8 T41 Y5 A4 V3 12 B2 M K 

55 1 C59 

56 10 633 V9 R5 14 S3 L A S T K 

57 12 634 V6 •5A3R2I2F2DKSLN 
25 58 10 A25 -15 P7 K3 S2 Y2 62 P D R 



R 
A 
K 
R 
N 
N 
P 
K 
S 
A 



49 8 B37 K8 D6 Q3 A2 P H T g 



O 
C 
M 
R 
T 
C 
6 
6 
A 
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Legend for Table 15 

\ ""Static BPTI, Tan * Kaiser, biochem. 16(8)1531-41 
5 3 semisynthetic BPTI, TSCH87 
5 4 Semisynthetic BPTI, TSCH87 

5 semisynthetic BPTI, TSCH87 

6 Semisynthetic BPTI, TSCH87 

7 semisynthetic BPTI, TSCH87 
10 8 Engineered BPTI, AUBR87 

9 BPTI Auerswald &al 6B 2 208 511A 

10 £lX Auerswald Ml GB 2 208 511A 

11 Engineered BPTI From fttRK87 

15 £SsS£S 8 '88, Biol Chem Hoppe-Seyler, 369 

^^Smi^SoW Bigenbrot *al, Protein Engineering 
^SSSStlS'a Sielanann et al '88, Biol Chem Hoppe-Seyler, 

20 ^soajrotinin G-2: Siekmann et al -88. Biol Chem 
Hoppe-Seyler, 369:157-163. gllA 

S Sri SlSeSeS; |l GB 2 208 511A 

25 aSSjteS' SeSSn^'.ViS; Hoppe-Seyler, 

^i^Bngineered, Auersvald &al GB 2 208 511A 

1 2 BPTI Engineered, ^«swald &al GB 2 208 511A 
30 23 Bovine Serum (in Dufton 85 

Bovine spleen TI II (FiOKea; 
25 SnIS mucus (Helix i^tkM^ 
26Hemachatus hemachates (Ringhals Cobra) hhv xx v«* 

35 ' 8 27 Red sea turtle egg white (in Dufton -85) 

iNiplSlmmodytes TI toxin (in Dufton 85) 

40 32 Porcine ITI domain^ J£ inhibitor, (SHIN90) 

3 3 Human Alzheimer's beta a** P**£r"; rh»ries 
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Identification codes for Tables 14 and 15 

42Dendroaspis polylepis polylepis (Black Mamba) venom K (in 
Dufton '85) 

5 43Homo sapiens HI-8e "inactive - domain (in Dufton '85) 
446reen Mamba toxin K, (in CRBI87) 

45Dendroaspis angusticeps (Eastern green mamba) C13 SI C3 
toxin (in Dufton *85) 
46 LACI 3 

10 47 Equine ITI domain 2, (CREI87) 
48 LACI 1 (Vila) 

49Dendroaspis polylepis polylepes (Black mamba) B toxin (in 
Dufton '85) 

50 Porcine ITI domain 2, Creighton and Charles 
15 SIHomo sapiens HI-8t "active" domain (in Dufton »85) 
52 Bos taurus (active) BI-8t 

53Trypstatin Kito &al ('88) J Biol Chem 263(34)18104-07 
54Dendroaspis angusticeps (Eastern Green Mamba) C13 S2 C3 

toxin (in Dufton ' 85) 
20 55Green Mamba I venom Creighton & Charles '87 CSHSQB 

52:511-519. 

56 beta bungarotoxin B2 (in Dufton '85) 

57Dendroaspis polylepis polylepis (Black mamba) venom I (in 
Dufton '85) 

25 58 beta bungarotoxin Bl (in Dufton '85) 
59 Bombyx mori (silkworm) SCI -III (SASA84) 
Table 61: Variability of Naturally- occur ing Kunitz domains 
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Table 61: Variability of Natuially-occuring Kunitz domains (continued) 

Res. Different 

Id. AAa Contents BPTT 

5 40 2 G33 A6 A 

41 2 N33 K6 K 

42 10 A13 G8 36 R4 N2 Q2 E K L M R 

43 1 N39 N 

44 3 N20 R14 K5 N 
10 45 2 P38 Y p 

46 11 K19Y5 E4R2V2D2H S T A L K 

47 2 T22 S17 S 

48 10 112 Q6 A5 E5 L3 K2 T2 W2 R S A 

49 6 E19 KB D7 Q3 P A E 
15 50 6 E27 D7 K2 M Q Y D 

51 1 C39 C 

52 9 R13 M7 L7 KG Q2 M H B V M 

53 10 R20 ESQ4H2K2ANGDW R 

54 6 T24 Y5 A4 V3 12 H T 
20 55 1 C39 C 

56 9 615 VI 0 R5 13 B2 A 3 T K G 

57 10 G17 V5 -5 A3 R2 12 P2 S O K G 

58 9 -15 P7 A7 K3 32 62 R F D A 



25 
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Table 62: Kunitz sequences used in compilation of Table 61 
1BPTI 

2Isoaprotinin 2 (SEEK88) 

3Isoaprotinin G-2 (SIEK88) 

4Isoaprotinin G-l (SEK88) 

5Bovine Serum (in DUFT85) 

6Bovine spleen TI H (HOR85) 

7Snail mucus (Helix pomatia) (WAGN78) 

8Hem«te«J ton**** (Ringhals Cobra) HHV n Cm DUFT85) 

9Red sea turtle egg white (in DUFT85) 

lOBovine Colostrum Cn DUFT85) 

HMtfa (Cape cobra) NNV H Cm DOTT85) 

llBungana fasdatus VHI B toxin On DUFT85) 

13V?pem ammodytes TI toxin (in DUFT85) 

14Porcine ITI domain 1, On CRB187) r< ^_ nm 

15Human Alzheimer's 0 APP protease inhibitor (SINH90) 

16Equine ITI domain 1 (in CREI87) 

17BM tauna Onactive) BI-8e (TIT domain 1) On CREB7) 

llAnemonia sulcata (sea anemone) 5 II (inDUFTW) ^ TT _ ro _ 

SH-« 9*** (Bbdc Mamba) B toxin Cm DTJFT85) 

2<W/*m nawffl (Russel's viper) RW n(TAKA74) 

UTachypleus tridentatia (Horseshoe crab) hemocyte inhibitor (NAKA87) 

22LACI 2 (Factor Xa) (WUNT88) 

23W;wa ammodytes CTI toxin (in DUFT85) 

24flfcte note note venom (SHAF90) T%T«rro<\ 
ttKtoq* (Black Mamba) ivenom K (m DTJFT85) 

26i?bmo jop/ou HI-8e "inactive" domain (inDUFlw) 
27Green Mamba toxin K, (in CRBI87) tjtjpt85^ 
IZDendroaspis angusticeps (Eastern green mamba) C13 SI C3 toxin (inDUFlw) 

29LAQ 3 (WUNT88) 

30Equine m domain 2 Cm CBEB7) 

^ B <o* On DUFIS5) 

33Porcine HI dejmain 2 On CRH887) 

34ffomo agrfew HI-8t "active" domain Cm DOTT85) 

35&w tauna (active) BI-8t Cm CREB7) 

o- — * c " « ° -* «■ D0FIM) 

380reen Mamba I venom (in CRH87) nmnro 
39DendroaspU potylepis potylepis (Black mamba) venom I (m DUFT85) 
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Table 63: Histogram of (Number of residues having given variability) vs. Variability 



N different — 58 location. mm <i ^ 

1 10 10 

5 2 7 7 

3 1 1 

4 2 2 

5 4 4 

6 4 4 
10 7 2 2 

8 4 4 

9 7 5 

10 8 7 

11 3 3 
15 12 5 4 

13 1 l 



Table 64: Citations for Table of NaturaUy-Occuning Kunitz Domains (Table 62) 



CRBI87Creighton & Charles (1987) Cold tyring Harbor Symp Quant Biol 52:511-519. 

DUFT85Dufton (1985) Eur J Btochem 153:647-654. 

FIOR85Roretti et al (1985) J Biol Chan 260:11451-11455. 
25 GIRA90 Ginnd et al (1990) Science 248:1421-24. 

KIT088 Kito et al (1988) / Biol Chan 263(34)18104-07 

NAKA87Nakamura et al (1987) / Biochem 101:1297-1306. 

SHAF90 Shafqat et al (1990) Eur J Biochem 194:337-341. 

SIBK88 Siekmann et ai(1988) Biol Chem Hoppe-Seyler, 369:157-163. 
3 0 TAKA74Takahashi et al (1974) / Btochem 76:721-733. 

WAGN78Wagner et al (1978) Eur J Biochem 89:367-377. 

WDNT8 8 Won et at (1988) / Biol Chem 263:6001-4. 
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Table 65: Effects of mutations to Kunitz domains on binding to serine proteases. 

• - -*fiw* »TT***ed if molecular charge stays in range -1 to +1. 
Classes: ANo -*g~^Jg£ m JX. likely than in^J. 

C Residue in the binding interface; any change must be tested. 
X No substitution allowed. 

jjg^ Class 

tf/ ffriTJBl Sflfr i riHnM A 

10 1 R any A 

2 P any A 

3 D any B 

4 P Y, W, L X 
SCC. A 

15 6 L non-proline A 

7 B L, S, T, D, N, K, R A 

8 P any A 

9 P any . B 
10 Y non-proline prefr'd c 

20 ll T any X 

12 6 must be O C 

£ C Strongly preferred, any non-proline C 

15 I V, A C 

2516A , TM VWHV £ 

17 P Xi* I# M » Y, W, H, v q 

18 P Y, W, H C 

19 P any C 



20 R non-proline P«J*' d _ , ore fr'd; M, V allowed C 

23 Y Y & P strongly prefr'd A 

24 N non-proline prefr'd A 

25 A any A 
35 26 K any A 

27 A any , A 

28 G non-proline prefr'd a 

29 L non-proline prefr'd x 

30 C must be C B 
40 31 Q non-proline pref r d B 

ll * P-fr'd; Y possible * 

U ? TLst prefr'd; W prefr'd; P allowed B 



24 N 
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Table 65: Effects of mutations to Kunitz domains on binding to serine proteases, 
(continued) 



Res. 








Id. 


EoiNEl Substitutions 


Class 


JO 


G 


G strongly prefr'd; S, A prefr'd; 


C 


37 


G 


must be G so long as 38 is C 


X 


38 


C 


C strongly prefr'd 


X 


39 


M 


any 


\~ 


40 


G 


A,S,N,D,T,P 
K,Q,S,D,R,T,A,B 


C 


41 


N 


c 


42 


6 


any 


c 


43 


N 


must be N 


X 


44 


N 


S,K,R,T.Q,D,B 


n 


45 


P 


Y 


B 
B 


46 


K 


any non- proline 


47 


ST, 


N, A, G 


B 


48 


Aany B 


49 


E 


any 


A 


50 


0 


any 


A 


51 


C 


must be C 


X 
A 


52 


M 


any 


53 


R 


any 


A 


54 


T 


any 


A 


55 


C 


must be C 


X 
A 


56 


6 


any 


57 


G 


any 


A 


58 


A 


any 


A 



30 

prefr'd stands for preferred. 
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TABLE 203 

Effect of pH on the Disociation of 
Bound BPTI-III MK and 
BPTI(K1SL)-III MA Phage from Immobilized hub 



BPTI-III MK 



BPTI(K15L)-IH MA 



Total Plaque- 
Forming Units 
in Fraction 



% Total Plaque- * 

of input Forming Units ofttput 
Phage in Fraction Phage 



7.0 5.0-10* 

6.0 3.8-10* 

5.0 3.5-10* 

4.0 3. 0«10 4 

3.0 1.4-10* 

2.2 2.9*10* 

Percentage of 
input Phage 
Recovered 



2- 10"* 
2-10" 3 
1-10* 
1-10 4 
1-10* 
1-10 4 

8.0-10 4 



1.7-10 s 
4.5-10 5 
2.1-10* 
4.3-10' 
1.1-10' 
5.9-10* 



3. 2- 10-* 
8.6-10 4 

4.0- 10- 1 
8.2-10 4 

2.1- 10' 1 
1.1-10-* 



Percentage of 
Input Phage « 1.56 
Recovered 



The total input °f BPTI-III MK phage was 
0.030 ml x (8.6-10 10 pfu/ml) - 2.6-10 . 



The total input of BPTI(K15L) -III MA phage was 
35 0.030 ml x (1.7-10 10 pfu/ml) - 5.2-10 . 

Given that the inj ectijity rfWX (HSU ; m£ gg^KS 
SSrftnaf JJSS&'SS&r - gb£ particles are 
40 added to the immobilized HUB. 



) 
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TABLES 207-208 (merged) 
SEQUENCES OF THE EplNB CLONES IN THE PI REGION 



CLONE SEQUENCE 
IDENTIFIERS 



1 


1 


1 


1 


1 


1 


1 


2 2 


3 


4 


5 


6 


7 


8 


9 


0 1 


only) P 


C 


K 


A 


R 


I 


I 


R Y 


P 


C 


V 


A 


M 


F 


Q 


R Y 


CCT . TGC . GTG . GCT . ATS 


.TTC.CAA.CGC.TAT 


P 


c 


V 


G 


F 


F 


S 


R Y 



(BPTI) 
EpiNBa 

2, 9, 16, PCVGFFSRY EpiNE3 

17, 18, 19 CCT.TGC.GTC.GGT.TTC.TTC.TCA. CGC.TAT 

20 6 PCVGFFQRY EpiNE6 

CCT. TGC. GTC. GGT. TTC. TTC.CAA.CGC.TAT 



7, 13, 14 P C V A M F P R Y EpiNB7 

15, 20 CCT. TGC. GTC. GCT. ATG.TTC. CCA. CGC.TAT 

4 PCV AIFPRY EplNB4 

CCT. TGC. GTC. GCT. ATC.TTC. CCA. CGC.TAT 



8 PCVAIFKRS EpiNE8 

30 CCT. TGC. GTC. GCT. ATC.TTC. AAA. CGC.TCT 

i'lO PCIAFFPRY BplNEl 

11, 12 CCT. TGC. ATC. GCT. TTC.TTC. CCA. CGC.TAT 

35 5 PCIAFFQRY BplNES 

CCT. TGC. ATC. GCT. TTC. TTC.CAA.CGC.TAT 



2 



PCIALFKRY EplNB2 
CCT. TGC. ATC. GCT. TTG. TTC. AAA. CGC.TAT 
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a H for binding to Cathepsin G. 



5 


Clone 


10 


PI 

15 16 17 18 


19 




tjwpT 

BPTX 


TYR 


LYS ALA ARG ILE 


ILE 


10 




TYR 


PHE ALA PHE ILB 


ILE 






TYR 


MET GLY PHE SER 


LYS 






TYR 


MET ALA LEU PHE 


LYS 


15 


EpiC 8 


ASN 


PHE ALA ILE THR 


PRO 




EpiC 10 


TYR 


MET ALA LEU PHE 


GLN 


20 


EpiC 20 


TYR 


MET ALA ILE SER 


PRO 




EpiC 31 


TYR 


MET ALA ILE SER 


PRO 




EpiC 32 


TYR 


MET ALA ILE SER 


PRO 


25 


EpiC 33 


TYR 


MET ASP ILE SER PRO 




EpiC 34 


TYR 


MET ASP ILB SER 


PRO 


30 


EpiC 35 


TYR 


LEU ASP ILB SER 


PRO 



1Q AO 41 42 


52 


F 


nvn aiA LYS ARG 


MET 




nwf AT.A TiY53 ARG 
AxCw Aiin JJiw acw\7 


GLU 




MET flTjV ASN GLY 
jvjjSX wW* 


MET 


3/7 


MET GLY ASN GLi 




1/7 


MET GLY ASN GLY 


MET 


1/7 


MET GLY ASN GLY 


MET 


1/7 


MET GLY ASN GLY 


MET 


1/7 


MET GLY ASN GLY 


MET 


2/15 


GLU ALA LYS ARG 


MET 


7/15 


MET GLY ASN GLY 


MET 


1/15 


GLU ALA LYS ARG 


MET 


4/15 


GLU ALA LYS ARG 


MET 


1/15 
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TABUS 211 

Effects of antisera on phage infectivity 



Phage 
(dilution 
of stock) 



Incubation 
Conditions 



pfu/ml 



Relative 
Titer 



10 



15 



20 



25 



MA- in 
1.2-10" 

do- 1 ) 



MA-ITI 

do*) 



MA 

(io-«) 



MA 

(10 J ) 



PBS 
1.00 



NRS 


6.8-10 10 


0.57 


anti-ITI 


1.1-10 10 


0.09 


PBS 


7. 7-10* 


* 1.00 


NRS 


6.7-10* 


0.87 


anti-ITI 


8.0-10* 


0.01 


PBS 


1.3-10" 


1.00 


NRS 


1.4-10" 


1.10 


anti-ITI 


1.6-10" 


1.20 


PBS 


1.3-10 10 


1.00 


NRS 


1.2-10 10 


0.92 


anti-ITI 


1.5-10 10 


1.20 
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TABLS 212 

Fractionation of EpiNE-7 and MA-ITI phage on hNB beads 



10 



Sample 



Total pfu 
in sample 



Fraction 
of input 



Total pfu Fraction 
in sample of input 





INPUT 


3.3*10 




3.4*10 u 


1.00 


15 


Final 
TBS-TWEEN 

Waah 
wapu 


3.8-10 5 


1.2 -10"* 


. i.8*io* 


5.3*10-* . 


20 


pH 7.0 


6.2*10 5 


1.8*10 


1 fi • 10* 

X . w XV 


4. 7*10** 




pH 6.0 


1.4*10* 


4.1-10- 4 


1.0*10* 


2.9*10"* 




pB 5.5 


9.4«10' 


2.8*10"* 


1.6*10* 


4.7*10"* 


25 


pH 5.0 


9.5-10 5 


2.9*10** 


3.1*10' 


9.1*10" T 




pH 4.5 


1.2*10* 


3.5*10-* 


1.2-10 5 


3.5-10" 7 


30 


pH 4.0 


1.6- 10* 


4.8-10"* 


7.2*10* 


2.1*10" 7 




pH 3.5 


9.5*10* 


2.9*10-* 


4.9*10* 


1.4*10"' 




pH 3.0 


6.6*10' 


2.0*10"* 


2.9*10* 


8.5-10 4 


35 


pH 2.5 


1.6*10 s 


4.8-10 4 


1.4*10* 


4.1-10"* 




pH 2.0 


3.0*10* 


9.1-10- 5 


1.7*10* 


5.0-10"* 


40 


SUM* 


6.4-10' 


3*10 4 


5.7*10* 


2*10"* 



" SUM is the total pfu (or fraction of input) obtained from 
45 all pH elution fractions 
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TABLS 213 

Fractionation of Epic- 10 and MA-ITI phage on Cat-G beads 







HniC-lO 




TTT 


10 


Sample 


Total pfu 
In sample 


Fraction 
of input 


in sample 


riacciun 

of input 




INPUT 


5.0-10" 


1.00 




1 OA 


15 


Final 












TBS-TWBBN 
Wash 


1.8'10 7 


3.6-10-* 


7.1-10* 


1.5-10-* 


20 


pH 7.0 




J • u «lu 




1*3 * 10 




nil 6 0 


2.3-10 7 


4.6-10-* 


2 • J * 10 


5.0-10 




pH 5.5 


2.5-10 7 


5.0-10* 5 


1.2-10' 


2.6-10" 4 


25 


pH 5.0 


2 . 1 • 10 7 


4.2-10** 


1.1-10* 


2.4-10-* 




pH 4.5 


1.1*10' 


2.2-io-* 


6.7-10* 


1.5-10"* 


30 


pH 4.0 


1.9-10* 


3.8-10"* 


4.4-10 5 


9.6-10* 7 




pH 3.5 


1.1-10* 


2.2-10"* 


4.4-10' 


9.6-10* 7 




pH 3.0 


4.8-10' 


9.6-10" 7 


3.6-10* 


7.8-10" 7 


35 


pH 2.5 


2.0-10' 


4.0-10- 7 


2.7-10' 


5.9 -10" 7 




pH 2.0 


2.4-10' 


4.8-10" 7 


3.2-10' 


7.0-10* 7 


40 


SUM* 


9.9-10 7 


2 -10-* 


1.4-10 7 


3- 10-* 



45 



' SUM is the total pfu (or fraction of input) obtained from 
all pH elution fractions 



) 
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AFFINITY ESTIMATED 
CLASS Kd 



92 

FRACTION OF pH ELUTION 
INPUT BOUND MAXIMUM 



PROTEIN 



WEAK K„ > 10-* M 



<0.005%> pH 6.0 



ITI-D1 



10 



MODERATE 10* U to 0.01% to pH 5.5 to 

10" 9 JJ 0.03* pa a.u 



BITI 
ITI-E7 



STRONG 10*11 to 0.03% to pH 5.0 to 

10' u M. 0.06% PH4.3 



15 



BITI-E7 

BITI-E7-1222 

AMINOl 

AMIN02 

MUTP1 



VERY 

20 STRONG K„ < 10*" H >°-l* 



£. pH 4.0 



BITI- E7-141 
MUTT26A 
MUTQE 
MUT1619 



25 
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TABUS 211 







Effects of antlsera on phage infectivity 


5 


Phage 
(dilution 
of stock) 


Incubation 
Conditions 


pfu/ml 


Relative 
Titer 


10 


MA-ITI 

do- 1 ) 


PBS 
NRS 
anti-ITI 


1.2-10" 
6.8-10 10 
1.1-10 10 


1.00 
0.57 
0.09 


15 


MA-ITI 

do- 4 ) 


PBS 
NRS 
anti-ITI 


7.7-10 1 
6.7-10' 
8.0-10* 


1.00 
ff.87 
0.01 


20 


MA 

do-') 


PBS 
NRS 
anti-ITI 


1.3-10" 
1.4-10" 
1.6-10" 


1.00 
1.10 
1.20 


25 


MA 
(10"») 


PBS 
NRS 
anti-ITI 


1.3-10 10 
1.2-10 10 
1.5-10 10 


1.00 
0.92 
1.20 
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TABLB 212 

Fractionation of EpiNB-7 and MA-ITI phage on hNB beads 



mzJSI 

samnle Total pfu Praction Total pfu Fraction 
Sample T ° ta VPf o£ t t ln sain pie of input 



10 



25 



35 



40 



INPUT 


3.3-10' 


1.00 


3.4-10" 


1 flfl 

X • uu 


Final 
TBS-TWBEN 


3.8-10 5 


1.2- 10"* 


1.8-10' 


5.3-10-* 


Hash 










pH 7.0 


6.2-10* 


1.8-10-* 


1.6-10' 


4.7- 10"* 


pH 6.0 


1.4-10* 


4.1-10"* 


1.0-10* 


2.9-10-* 


pH 5.5 


9.4-10* 


2.8-10"* 


1.6-10' 


4.7-10"* 


pH 5.0 


9.5-10 5 


2.9-10"* 


3.1-10* 


9.1-10" 7 


pH 4.5 


1.2-10' 


3.5-10"* 


1.2-10* 


3.5-10" 7 


pH 4.0 


1.6-10' 


4.8-10"* 


7.2-10* 


2.1-10" 7 


pH 3.5 


9.5-10' 


2. 9 -10"* 


4.9-10* 


1.4-10- 7 


pH 3.0 


6.6-10* 


2.0-10"* 


2.9-10* 


8.5-10-* 


pH 2.5 


1.6-10* 


4.8-10 4 


1.4-10* 


4.1-10-* 


pH 2.0 


3.0-10* 


9.1- 10"* 


1.7-10* 


5.0-10-* 


SUM* 


6.4-10' 


3-10-* 


5.7-10* 


2-10"* 



' SUM is the total pfu (or fraction of input) obtained 
45 all pH elution fractions 
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TABLE 213 

Fractionation of EpiC-10 and MA-ITI phage on Cat-G beads 







BDiC-10 




ITT 


10 


Sample 


Total pfu 

AAA ScUu£/l€ 


Fraction 
of input 


Total pfu 

in fiantnl a 


Fraction 

ut input 




INPUT 


5.0*10" 


1.00 


4.6*10" 


1.00 


15 


Final 
TBS-TWEBN 

Hash 




? c • i n*£ 


7. 1*10* 




20 


pH 7.0 


1.5-10' 


3.0-10 4 


6. 1-10* 


1.3-10- 5 


pH 6.0 


2.3*10' 


4.6-10-* 


2.3*10* 


5.0*10-* 




pa 3.9 


2.5*10' 


5.0-10 4 


1.2*10' 


2.6*10-* 


25 


pH 5.0 


2.1*10' 


4.2*10'' 


1.1*10* 


2.4*10-* 




pH 4.5 


1.1*10' 


2.2*10"' 


6.7*10* 


1.5*10-* 


30 


pH 4.0 


1.9*10* 


3.8*10-* 


4.4*10' 


9.6*10-' 


pH 3.5 


1.1*10* 


2.2*10-" 


4.4*10' 


9.6*10-' 




pH 3.0 


4.8*10' 


9.6*10*' 


3.6*10' 


7. 8 -10-' 


35 


pH 2.5 


2.0*10' 


4.0*10-' 


2.7*10' 


5.9-10-' 




pH 2.0 


2. 4 -10 s 


4.8*10-' 


3.2*10' 


7.0*10'' 


40 


SUM* 


9.9*10' 


2-10- 4 


1.4-10' 


3 ♦10'* 



45 



' SUM is the total pfu (or fraction of input) obtained from 
all pH elution fractions 
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TABLE 214 

Abbreviated fractionation of display phage on hNB beads 



10 



DISPLAY PHAUJi 
MA.-IT1 2 MA-ITI-B7 1 MA-ITI-E7 2 



1.00 



1.00 



(1.2- 10") (3.3-10») 



1.00 
(1.1-10 9 ) 




) 
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TABXiX 215 

Fractionation of BpiNB-7 and MA-ITI-E7 phage on hNB beads 



5 







EtaiNE-7 


MA-TTT-TJ7 


10 


Sample 


Total pru 
in sample 


Fraction 
of input 


Total pfu 
in sample 


Fraction 
of input 




TWUTTT 

JLXtJrU 1 


1.8' 10* 


1.00 


3 . 0 • 10* 


1.00 


is 


m 7.0 


5. 2-10' 


2.9-10" 4 


6.4-10* 


2.1-10 J 




pH 6.0 


6.4-10 5 


3.6-10- 1 


4.5-10* 


1.5-10 J 


20 


pH 5.5 


7.8.10" 


4.3-10** 


5.0-10 4 


1.7-10-* 




pH 5.0 


8. 4' 10* 


4.7-10 4 


5. 2 -10* 


1.7-10* 5 


25 


pH 4.5 


1.1*10* 


6. 1-10"* 


4.4-10* 


1.5 -10" 5 


pH 4.0 


1.7-10* 


9.4-iO"* 


2.6-10* 


8.7-10-* 




U 3.5 


1.1-10* 


6.1-10 -4 


1.3-10* 


4.3-10-* 


30 


pH 3.0 


3.8-10 s 


2.1-10"* 


5.6-10' 


1.9-10-* 




pH 2.5 


2. 8-10* 


1.6-10-* 


4.9-10 1 


1.6-10"* 


35 


pH 2.0 


2.9-10* 


1.6-10-* 


2.2-10* 


7.3 -10- 7 




SUM* 


7.6-10* 


4.1-10 4 


' 3.1-10 5 


1.1-10"* 



40 ' SUM is the total pfu (or fraction of input) obtained from 
all pH elution fractions 
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» — - 5-SS «2 



Fraction 
of input 



15 


INPUT 


2.0-10" 


1.00 


6.0-10' 


1.00 




pH 7.0 


2.410 5 


1.210- 5 


2.8-10 5 


4.710-* 


20 


pH 6.0 


2.5-10 5 


1.2-10 4 


2.8-10 5 


4.710- 5 




pH 5.0 


9.6-10 4 


4.810" 6 


3.710 5 


6.2-lOr* 




pH 4.5 


4.4-10 4 


2.210-* 


3.810 5 


6.310-* 


25 


pH 4.0 


3.1-10 4 


1.6-10-* 


2.410 s 


4.010 4 




pH 3.5 


8.610* 


4.3-10- 4 


9.010 4 


1.310* 


30 


pH 3.0 


2.2-10 4 


l.llO"* 


8.910 4 


1.5-10" 5 




pH 2.5 


2.2-10 4 


1.110 4 


2.310 4 


3.8*10* 


35 


pH 2.0 


7.710 1 


3.8-10' 7 


8.T10 5 


1.4-10-* 


SUM* 8.0-10 5 


3.910"* 


1.8-10 4 


2.9-10-* 
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TABLE 217 

Fractionation of MA-BITI-B7 and MA-BITI-E7-1222 on hNE beads 



M&-BITI-B7 M&-BITI-B7-1222 

10 Sample Total pfu Fraction Total pfu Fraction 
in sample of input in sample of input 



15 INPUT 


1.3-10* 


1.00 


1.2-10 9 


1.00 


pH 7.0 


4.710* 


3.6-10 J 


4.010* 


3.3-10-* 


20 pH 6.0 


5.310* 


4.110" 4 


5.510* 


4.610"* 


pH 5.5 


7.1-10* 


5.5-10-* 


5.410* 


4.5-10- 4 


pH 5.0 


9.0-10* 


6.9-10" 1 


6.710* 


5.610" 5 


25 




4.8-10." 1 ' 






pH 4.5 


6.2-10* 


6.710* 


5.610* 5 


pH 4.0 


3.410* 


2.6-10 4 


2.710* 


2.210'' 


30 pH 3.5 


1.8-10* 


1.4-10 4 


2.310* 


1.910 s 


pH 3.0 


2.5-10' 


1.910"* 


6.310 s 


5.210"* 


pH 2.5 


<i.aio* 




<1.3'10 3 


<X.0'10* 


35 










pH 2.0 


1.3-10' 


l.o-io- 4 


1.3-10* 


1.010"* 



SUM* 3.8-10* 2.9-10"* 3.4-10 5 2.8-10** 
40 

* SUM is the total pfu (or fraction of input) obtained from 
all pH elution fractions 
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TABLE 218 

Fractionation of MA-EpiNE7 and MA.-BITI-B7-141 on hNB beads 









MA-BITT-B7-141 


10 sample 


lOwCiX £)&u 

in sample 


TP paction 
of input 


Total ptu 
in sample 


rlaCtxuu 

of input 


15 INPUT 


6. 110* 


1.00 


2.0-10* 


1.00 


pH 7.0 


5.3 10 


O • / 1U 


4 . 510 s 


2.210" 4 


20 pH 6.0 


9.710* 


1.610-* 


4.410 s 


2.210" 4 


pH 5.5 


1.1-10 5 


1.8-10-* 


4.410 s 


2.210" 4 


pH 5.0 


1.410 s 


2.310-* 


7.210 s 


3.610- 4 


25 

pH 4.5 


1.0*10* 


1.610 1 * 


1.310* 


6.510-* 


pH 4.0 


2.010' 


3.310-* 


1.110 4 


5.510- 5 


30 pH 3.5 


9 . 710* 


1.610-* 


5.9-10* 


3.010-* 


pB 3.0 


3 . 810* 


6.210-* 


2.310 s 


1.2'lff 4 


pB 2.5 


1.310 4 


2.110" 5 


1.210 s 


6.010- 5 


35 

pB 2.0 


1.610 4 


2.610" 5 


1.010 s 


s.oio-' 


SUM* 8. 

40 


.610' 


1.410 4 


5.510* 


2.810 4 


* 


SUM is the total pfu (or 
all pB elution fractions 


fraction of 


input) obtained from 
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TABLE 219 

pH Blution Analysis of hNE Blinding 
by BITI-E7-141 Varient Display Phage 

5 

FRACTION OP INPUT 

RECOVERED AT nH- RECOVERY 

10 

DISPLAYED INPUT 

PROTEIN PPU" 7.0* 3.5* 2.0 4 TOTAL* RELATIVE' 



15 AMIN01 b 


0.96 


0.24 


2.3 


0.35 


2.9 


0.11 


AMIN02* 


6.1 


0.57 


2.1 


0.45 


3.1 


0.12 


BITI-E7-1222 b 


1.2 


0.72 


4.0 


0.64 


5.4 


0.21 


BpiNE7 b 


0.72 


0.44 


6.4 


2.2 


9.0 


0.35 


20 MUTP1* 


3.9 


1.8 


9.2 


1.2 


12 


0.46 


MUT1619* 


0.78 


0.82 


9.9 


0.84 


12 


0.46 


MUTQE* 


4.7 


1.2 


16 


5.3 


22 


0.85 


MUTT26A b 


0.51 


2.5 


19 


3.3 


25 


0.96 


25 BITI-E7-141* 


1.7 


2.2 


18 


5.4 


26 


1.00 


BITI-E7-141* 


0.75 


2.1 


21 


3.2 


26 


1.00 



30 ■ results from abbreviated pB elution protocol 

* results from extended pH elution protocol 

* units are 10 9 p£u 
d units are lO* 4 

* sum of pB 7.0, pB 3.5, and pB 2.0 recoveries, 
35 units are 10* 

' total fraction of input recovered divided by total 
fraction of input recovered for BITI-B7-141 
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TABLE 220 

WSAX <K D > 10-* M> 

1. KEDSCQLGYSAGPCIOfrSRYPYiraTSMACTTPQVGGCMSNGNNPVTBKDCLQTGlGA 

5 MODBRATB {10* > > 10"*) 

2 KEDS CQLGYS AGPCSAMZERYFYNCJrSMACETFQ YGGO^GNNFVTBKD^T^^ 
3. RPDZCQLGYSAGPCMGOTSRYFYNGTSMACETFQYGGC^^ 

STROM (10"» > r„ >10 4, D) 

5* B^wotpc^^ 

7 KPDSCQLGYSAGPCS^RYF^ 

8 '. R£DECQLGYSAGPCIGMZSRYFYNGTSMACETFQYGGaCNGNNFVTBKD<rLQTGlGA 
VBRY STRONG (*» < 10'" M) 

20 

H11111111222222222233333333334444444444555555555 
1234567890123456789012345678901234567890123456789012345678 

9. RPpPCQWYSAGPCSaMZERVPYiraTSMAQJfrPTfCS^^ 

10. IfpfcQISYSAGPCSA^RYFYNG^^ 
25 11 ipDzS^SjSpCSI^RYFYNq^^ 

12! gpfSwYSAGPCI^RYFYNGTS^ 

Residues shown underlined and bold are changed from those present 
in ITI-Dl. 

30 

Sequences Key: 

1. ITI-Dl 

2. ITI-B7 

3. BITI 

35 4. BITI-E7 

5. BITI -E7- 1222 

6. AMIN01 

7. AMIN02 

8. MUTP1 

40 9. BITO-B7-141 

10. MDTT26A 

11. MUTQB 

12. MUT1619 
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TABLE 221 

Information same as in Table 220, but focuses on 
sites where alterations were made 

5 WEAK (X 9 > 10"* |S) 

1. KEDSCQI^SAGPQOfTSRYFYI^TSMACETFQYGGQCNGNNFVTEKDCLQTGtGA 
1. KB.S A. ..MGMTS T. .. .E..Q 

10 MODERATE (lO 4 > R^ > 10*) 

2 • ICS A • * • 3Qs^E£ ••••••T» Q • •••••••••*••••••••••••• 

3. EE.Z A. . .MGMTS T E..Q 

15 STRONG (10-* > K,> >10 4, D) 

4» S£*^u* • • • • * * 3£h^^EE» • • • • • «T» • • *8« *Q* ••••••••••••••••••••••• 

5. S£.Z I. ..3»ME£ T B..Q 

6. KE.F. A VAMPP T....E..Q 

20 7. KP..S A. . .VAMPP T....E..Q 

8. S£.£ A. ..IGMZS T B..Q 

VERY STRONG (Kg < 10" 11 g) 

25 9 • * • • • *A« • »3£fi£^E£* • • ♦ • *T» • • »,Q« • J» • 

10 ♦ • • « • «A« * • VS^^E£* • * • • *&• • * »2* 

H« • ■ * *A« • • 3£&£4u£* • ■ • • *T» • • ••««•••*••••••«•••••••• 

12. BE.Z A...2GMES T fl..Y 

30 Sequence key same as in Table 220 
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CTiftTK q 

1. An inhibitor of human neutrophil elastase which is 
selected from the group consiating of EpiNBa, EpiNEl, EpiNE2, 
EpiNE3, BpiNE4, Ep±NE5, BpiNBS, BpiNB7, EPINE8 . 

5 2. An inhibitor of human cathepsin G which is selected from 
the group consisting of EpiCl, BpiC7, EpiCS, EpiCIO, EpiC20, 
BpiC31, BpiC32, BpiC33, EpiC34, and EpiC35. 

10 3 . An inhibitor of human neutrophil elastase which is 

selected from the group consisting of ITI-E7, BITI-E7, BITI-E7- 
1222, AMINOl, AMIN02, MDTP1, BITI-B7-141, MDTT26A, MUTQE, and 
MDT1619 in Table 220. 

15 4. A homologous inhibitor of a reference inhibitor according 
to claims 1-3, said homologous inhibitor differing from said 
reference inhibitor by one or more substitutions of class A 
according to Table 65. 

20 5. A homologous inhibitor of a reference inhibitor according 
to claims 1-3, said homologous inhibitor differing from said 
reference inhibitor by one or more substitutions of class A or B 
according to Table 65. 

25 6. A homologous inhibitor of a reference inhibitor according 
to claims 1-3, said homologous inhibitor differing from said 
reference inhibitor by one or more substitutions of class A, B or 
C according to Table 65. 

7. An inhibitor of human neutrophil elastase which is a 
compound having the formula of Figure 8, wherein 

Ms hydrogen, L-prolyl, L,L cystinyl (1^ NHj-CHtCHj-S-S-CR,- 
CH(NH,)-C00H)-C0-). L-valyl, other amino acids, or a carboxylic 
acid derivative having 2-8 carbons, 



30 
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Rjis 2 -propyl or secondary butyl, 

Xis -CO-CHj-, -CO-CFH-, -CO-CFH-CHa-, -CO-CF a -, -CO-CFj-CHj- , - 
B(OH) -CHj-, -BtOR,) -CHj-, -SO-CHj-, -CO-S, or -CO-CO- , 
R 3 is -H, -CH 3 , -CHj-COOH, or -CHj-CHj-COOH, 
5 R4 is -CHj- phenyl or -O^-CHj-S-CHj, 

R*is -CHj- phenyl or other arylmethyl group, 

R^is -NHj, -OH, or an additional N- linked amino acid, and 

R?is a small alkyl group. 

10 8. An inhibitor of human neutrophil elastase which is a 

compound having the formula of Figure 9, wherein 
R t is a relatively rigid bifunctional linker, 
Ra is 2 -propyl or secondary butyl, 

X is -CO-CHj-, -CO-CPH-, -CO-CFH-CH,-, -C0-CF 3 -, -C0-CP 3 - 
15 CHj-, -B(OH)-CH,-, -B (OR7) -CHj- , -SO-CHj-, -CO-S, or -CO- 

CO-, 

R9 is -H, -CH,, -CHj-COOH, or -CEj-CHj-COOH, 
R4 is -CHj-phenyl or -CHj-CHj-S-CHj, 
Rjis -CE,-phenyl or other arylmethyl group, 
20 R*is -NHj, -OH, or an additional N- linked amino acid, and 
Rfis a small alkyl group. 

9. The inhibitor of claim 8 wherein R t is a tricyclic 
aromatic ring system having diametrically opposed functionalities 

25 one of which allows linkage to the amino group attached to C, and 
another that allows linkage to the carbonyl carbon labeled Cu. 

10. The inhibitor of claim 9 wherein Rj is 2-carboxyxnethyl- 
6-aminomethyl anthraguinone . 

30 

11. An inhibitor of human neutrophil elastase which is a 
compound having the formula of Figure 12, wherein 

Dl and D2 are, independently, a hydroxyl group or a group that 
is capable of being hydrolyzed in aqueous solution to a hydroxyl 



WO 92/15605 



PCT/US92/01501 



107 

group at physiological conditions, 

R, is -H, -CH,, -CH,-COOH, or -CHj-CHj-COOH, 
R^is -CHj- phenyl or -CHj-CHj-S-CH,, 
R,ia -CH,- phenyl or other arylmethyl group, 
5 R«is -NHj, -OH, or an additional N-linked amino acid. 

12. Use of an inhibitor according to any of claims l-ll in 
the manufacture of a composition for the treatment or prophylaxis 
of a condition of the body caused by excessive neutrophil 

10 elastase activity. 

13. Use of an inhibitor according to any of claims 1-11 in 
the manufacture of a composition for the treatment or prophylaxis 
of a condition of the body caused by excessive cathepsin G 

15 activity. 
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